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PREFACE. 



In the present book, the writer has at- 
tempted to give some of the more impor- 
tant developments in the bacterial treat- 
ment of sewage, but owing to the limita- 
tions of size, none of these can be consid- 
ered very complete. The work is, in effect, 
a series of hints, together with indications 
as to preferable treatment. 

It is obvious, that in such a book there 

is very little original work, and the facts 

and opinions are necessarily largely drawn 

from the studies of others. The chief 

works consulted and to which the author 

is more or less indebted, are : Sewage and 

the Bacterial Purification of Sewage, by 

^Rideal; Barwise's Bacterial Purification 

55 of Sewage, as well as his earlier book on 

'^ the Purification of Sewage; Natural and 

^^ Artificial Sewage Treatment, by Jones & 

^ RoBchling ; Austin's Report on the Means 

^ of Deodorizing and Utilizing the Sewage 

of Towns ; Thudichum's Bacterial Treat- 



ment of Sewage j The report of the Royal 
Commission on Sewage Disposal ; Reports 
of the Rivers' Department of the City of 
Manchester 5 Fuller's Composition of Sew- 
age in Relation to Problems of Disposal; 
Annual Reports of the Superintendent of 
Sewers of "Worcester, Massachusetts; 
Annual Reports of the Sewerage Com- 
mission of Connecticut; Report of the 
State Sewerage Commission of New 
Jersey ; Waring's Purification of Sewage 
by Forced Aeration; Reports of the Bal- 
timore Sewerage Commission ; Lowcock's 
Filtration of Sewage ; Bannicutt and Ed- 
dy's Action of the Septic Tank on Acid 
Iron Sewage; and Kinnicutt's Present 
Status of the Sewage Problem in Eng- 
land ; the Reports of the State Board of 
Health of Massachusetts and the Reports 
of the New York State Board of Health. 
More or less use has been made of 
material in these various books, reports 
and papers, of which a general acknowl- 
edgment is herewith made. In many 
cases a specific acknowledgment has also 
been made in the text. 

It is hoped that this little book may 

u. 



serve to clarify the purification of septic 
sewage. An attempt has been made, so 
far as possible within the Umits of a book 
of this size^ to place this method in its 
proper relation to other systems of sew- 
age disposal 

G.W.B. 

Rochester, N. Y., Nov. 1, 1903. 
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PROPERTY OF THE 
CITY OF NEW YORK. 

INTRODUCTION. 



Sewage disposal has always been a 
simple enough paatter to the non-technical 
people who mostly control the affairs of 
municipalities, but to those charged with 
its administration, it has been, and still 
continues to be, exceedingly complex. 
The latter class are conservative in esti- 
mates and statements, while the former 
are positive that they, at any rate, have 
found the final solution. 

When we examine the matter histori- 
cally, we find that ^ sewage -dii^posal, pen- 
dulum like, has I5.wjij^back ah^ forth be- 
tween certain* e^ti^emes, . Pi*bmyfi0^r to 
sixty years ago; 4*ue' sewage nui&aijc^.iad 
so far foEced itself upon public attetfitioif, 
that a cqiisiderp,ble number of worlcs were- 
constructed: ill 'England, and in the t^gort* 
of Henry aWju, "On the Means o^-De-" 
odorizin^^ '^i\it. ^JtiUzing the Sewage," t>f 
Towns,'' ptil>yj4i'ed, in 1857,^ a'^^gesreial 
resum6 of tl^er^jiibj^'fis •giv.enr-'-^'iihat 

- . '^ o ^ -•■'-• u 
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time, chemical precipitation was coming 
into use and extravagant notions of the 
value of the manure to be obtained were 
indulged in. It is unnecessary to state 
that none of these methods have justified 
the hopes of their inventors. A large 
number of patents were taken out for 
various chemical processes from about 
1845 to 1860 or 1870, but the majority of 
these patents were so impractical as never 
to go into operation. Indeed, sewage dis- 
posal, owing perhaps to its complex nature, 
is not properly subject to patents. The 
useful developments thus far have been 
mostly the work of scientific men, and or- 
dinary inven^orsiay© scarcely contributed 
anything 'jttereto, Aof "^e they Ukely to, 
becaxr§e'^{h^^omj)l^^' q? ^h^ operations 
is fi\cVag'^to'^Ke'bVon'ijft%r. ^ ^ 
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. THIS' ORIGIN OF THE ^W^C tANK. 

* Thoi. separation of the solid matters in 
eueq^Qi^^ion by sedimentation^'^training or 
^tra^ion isy however, an inJbbpesting pro- 
ces8)^^^piiic}i was tried iji ^piligiand about 
1850f*q,tI(^.^hich,irolQ\it^ developing on 



lines quite similar to what is now known 
as the septic process, may be considered a 
little at length. Mr. Austin describes the 
works at Cheltenham, England, for what 
he calls a mechanical process for separat- 
ing the solid matter of sewage, as follows: 

'' The building is divided longitudinally, forming 
below ground two sets of reservoirs or tanks, which 
are employed alternately. The sewage passes 
through vertical filters in the upper and lower 
tanks, whereby the great bulk of the matters in 
suspension is separated and retained. OThese filters 
are 5 feet deep and 2 feet thick, and consist of 
coarse gravel inclosed within 2-inch perforated 
boards, these being protected with basket work to 
prevent clogging. 

**Th6 heavier mattefs of the 8e;«rag§ deposit 
themselves at the bottda^ t>f *the tank);, 'bnt a.large 
proportion of the^li^ fonns itself in^ii fioa^ng 
body, and acoumolAildato about 18 inches'^ok on 
the Burfoce. The liquid is conveyed from *^e an^ 
gular filters in the upper tanks by a line of pipes ^ 
in each division. 

'^A weur,. or f«dier division, in the third orlificlpg 
tank causes t^ 'water, then partially dear, to^fiow 
through a chaiinel^t each end during itsipatad^e,* 
through whieb^tf pertain proportion cf cniactrpf 
lime mixed on ^e fiop^ ohoY9 islls ipi«4t:; isnd 
oocadons a fuz^e/ precipitation io iak^ place. 



The efflnent water then passes through another 
filter of gravel finer than before, and then through 
a third, finer still, to the outfall. 

**When either reservoir contains a certain 
amount of solid matter, the flow of sewage is cut 
oif and turned into the other. This takes place 
about every eight weeks, and the filtering medium 
of gravel is removed at the same time and washed. 
The contents of the tanks, which are in a state of 
'slush,' are then hoisted in buckets through the 
trap lids on to the floor above, and wheeled out 
and mixed with the scavenger's refuse of the town, 
the ashes, street sweepings, etc. These are brought 
to the yard, and a kind of embanked reservoir is 
formed of them immediately outside the building, 
and as the semi-solid sewage is wheeled into the 
midst, the dry refuse outside is turned on to it. 
The Uquid is ».t. (xioe absorbed, and after being 
turned pve^ and thonju^pl^ \ptermixed, the solid 
mas^ i& fit*l^i:immediafc^;r«1ai<Tv&l.and use. 

*^ 12))L^,^takes«aadrd)r^re1hu;^*Q|*^Q town are said 

te J^l^yiis^ Sufficient for the piifpdse. *They absorb 

^aboutVwo-thirds of their bulk of sew^e ; that is 

• to say,^one cubic yard of the aibhes, eto. , and two- 

*^ thirds *>of a cubic yard of the ^enu;4^d sewage, 

.-^nmyonecnbicaxdofBoB^Tnanie... 

. \T*^ * foregoing quotation." 4^ • especially 
intorei^l^^ 9,s indioatiog *i]li^ Mr. Austin 
obserfe^.aiI operation iiLtlie Cheltenliam 
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tank exactly as is now known to eidst in 
a septic tank ; that is, the heavier matters 
deposit themselves at the bottom, while 
a considerable portion of the solids forms 
itself into a floating body, accumulating to 
the thicknsss of about 18 inches on the 
surface. In view of this fact, it seems 
fair to say that, in a practical way, Mr. 
Austin was in reality the discoverer of the 
septic tank. Nevertheless, the real sig- 
nificance of the septic tank — the fact that 
the changes going on are biological — ^was 
not appreciated by him, as is shown by his 
calling it a " mechanical process for sep- 
arating the solid matter of sewage.'* Nor, 
indeed, does anyone seem to have appre- 
ciated the significance of these tanks, 
although a number of them were built and 
operated in England, with such success as 
is possible for that kind of a tank, but the 
so-called chemical purification process 
forged rapidly to the front, and mechani- 
cal separation — which we now call septic 
action — was lost sight of for a number of 
years, and chemical purification became 
for a time the leading form in England. 
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*< The contents of sewage are dhiefly of organio 
origin, and in oonseqnenoe of this an active process 
of decomposition takes place in sewage, through 
which the organic matters are gradually dis9oh}ed 
into mineral matters, or, in short, are mineralized, 
and thus become fit to serve as food for plants. 
To the superficial observer this process appears to 
be a chemical self-reduction ; in reality, however, 
it is chiefly a process of digestion, in which the 
various, mostly microscopically small, animal and 
vegetable organisms utilize the organically fixed 
power for their life purposes. 

'*The decomposition of sewage in its various 
stages is characterized by the appearance of enor- 
mous numbers of spirilla, then of vibrios (swarm- 
ing spores) and finally, of moulds. At this stage 
oommences the re-formation of organic substance 
with the appearance of the chlorophyl*holding pro- 
tococcus, etc.** 

In the meantime; in December, 1881; 
and January, 1882, an account of Mouras' 
automatic scavenger was published in 
France. This apparatus consists of a 
closed vault with a water seal, which it is 
stated rapidly transformed excrementi- 
tious matters into a homogeneous fluid, 
only slightly turbid, and holding the solid 
matters in suspension in the form of 
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scarcely visible filaments. The principle 
upon which the automatic scavenger acts 
is that animal dejecta contain within them- 
selves all the principles of fermentation 
necessary to Uquefy them. Later obser- 
vations show that Mouras' view, that ani- 
mal dejecta contain within themselves the 
fermentative principle, is fundamentally 
true, and in this particular Mouras was, 
with Dr. Mueller, in advance of the scien- 
tific workers of that day. 

A number of investigators were at work 
upon the general problem, and in May, 
1886, Dr. Dupr^, in discussing a paper of 
Dr. Tidy's, at the Society of Arts of Eng- 
land, proposed to cultivate bacteria on a 
large scale, discharging them with an efflu- 
ent into a river where they might be ex- 
pected to further purify sewage. 

DIBDIN'S PAPER BEFORE THE INSTITUTION 
OP CIVIL ENGINEERS. 

In January, 1887, Mr. Dibdin read a 
paper before the Institution of Civil En- 
gineers, in which he discussed the pro- 
priety of using large quantities of lime. 
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At that time many chemists claimed that 
lime was especially valuable in sewage puri- 
fication because it destroyed living organ- 
isms; such as bacteria which gives rise to 
putrefaction, the idea being that if all the 
organisms could be destroyed that sewage 
would be rendered innocuous. Mr. Dib- 
din took the ground that the very essence 
of sewage purification is not the destruc- 
tion of bacterial life, but is the resolution 
of organic matter into other combina- 
tions. Hence, it follows that an antisep- 
tic process is the very reverse of the 
object to bo aimed at. That is to say, a 
septic process is required and hence the 
name septic sewage applied later on to 
designate this process. 

EXPERIMENTS OP STATE BOARD OF HEALTH 

OP MASSACHUSETTS. 

In November, 1887, the Massachusetts 
State Board of Health commenced their 
classical experiments on the purification 
of water and sewage by filtration. The 
first two volumes of the reports, published 
in 1890^ laid the foundations of the modem 
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development of bacterial sewage purifica- 
tion processes. The experiments werei 
carried out with an unparalleled wealth of ' 
detail, and taken all in all, they are still 
unapproached by work done elsewhere. 
The reports have been continued from 
year to year down to the present time. So 
far as known to the writer, no criticism of 
the work of the State Board of Health of 
Massachusetts has ever been made, except 
that their experiments were on somewhat 
too limited a scale to be entirely compara- 
ble with practice, nevertheless the general 
deductions have been confirmed at a very 
large number of sewage works, both in 
Europe and America. 

SOOTT-MONCRIEPP'S EXPERIMENTS. 

An English engineer, W. D. Scott-Moil- 
criefE, constructed experimental works for 
the bacterial purification of sewage in 
1891. He constructed a bacterial tank, in 
which the old principle of upward filtra- 
tion was applied, the crude sewage being 
admitted from below and gradually flow* 
ing upwards through a bed of stones. In 



12 

this way he found that the liquefaction of 
soUds was so eflEective that the sludge of 
ten persons was absorbed on nine square 
yards of land. The space beneath had a 
capacity of less than five cubic feet and 
would obviously have filled up except for 
the liquefying action which had taken 
place. 

DIBDIN'S EXPERIMENTS. 

In 1892, Mr. Dibdin began his experi- 
ments on filtration through coarse ma- 
terial, such as burnt ballast, coke breeze, 
gravel, etc., the object being to obtain 
a high degree of porosity, with power 
of re-absorbing atmospheric oxygen. In 
the first series of experiments made, 
wooden tanks were used with an area of 
1/200 of an acre. 

In the second series the filter covered 
an acre of land, the material consisting of 
three feet of pan breeze with three inches 
of gravel. These experiments were con 
tinued from September, 1892, to Novem- 
ber, 1896. Space will not be taken to 
indicate the results any further than to 
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say that generally the bacterial purifica- 
tion of sewage was considerably advanced 
thereby. 

In the meantime; Mr. Dibdin had also 
conducted experiments for the Sutton 
Urban District Council, and in 1896, con- 
structed a bacteria tank for that authority. 
This tank was fairly satisfactory, and in 
1897, the District Council gave orders for 
a second tank for treating crude sewage. 
The first tank was filled with raw sewage 
entirely untreated, except that it had been 
strained through a screen to intercept 
the grosser particles. During seventy-six 
days, sewage was treated at the rate of 
773,000 gallons per acre per day, rest 
period included. In the London experi- 
ments one milUon gallons of the effluent 
from chemical precipitation were treated 
on the burnt ballast bed of one acre, as 
against about 60,000 gallons per acre per 
day treated through coarse sand, as per 
the system of the State Board of Health 
of Massachusetts. 
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* * (1). That about one-fourth of the total solid 
matter contained in the sewage will be removed. 

<' (2). That the efEluent from the tank will con- 
tain about 20% less soluble matter than the crude 
sewage, owing to the soluble matter in the sewage 
being decomposed or changed into soluble sub- 
stances. 

*'(3). That the amount of suspended matter 
removed from the sewage will not greatly exceed 
30% unless special precautions are taken to retain 
in the tank the finely divided iron sulphide formed 
by the reduction of the soluble iron sulphate in 
the sewage. 

'*(4). That the amount of organic matter re- 
moved from the sewage, as determined from the 
albuminoid ammonia, will average from 20% to 
26%. 

*^ (5). That of the suspended organic matter, 
the amount removed will average a little under 60%, 
and that the amount of soluble organic matter re- 
moved will not average much more than 10% of 
the soluble organic matter in the sewage. 

* * (6^. That of the suspended matter taken out of 
the sewage in its passage through the tank, from 
60% to 70% will remain in the tank and have to be 
removed; only from 30% to 40% of the arrested 
suspended matter being changed by the action of 
the bacteria into soluble or gaseous substances. 

** (7). That the amount of sludge that will have 
to be handled when it is necessary to dean out the 
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tank will not, however, equal 60% to 70% of the 
weight of the sludge that would be formed from 
the removal of the same amount of suspended mat- 
ter in a sedimentation tank, but will not be more 
than 60% of this amount, owing to the fact that the 
sludge in a septic tank contains less water than the 
sludge in a sedimentation tank. 

* ' (8). That with an acid iron sewage containing 
street washings, the amount of mineral matter in 
the sludge will be about 50% of the total solid mat- 
ter in the sludge, and of this mineral matter over 
one-third will be found to be iron sulphide. 

*'(9). That decomposition of the sludge, as 
shown by the evolution of gas, will take place in 
winter as well as in summer, if the temperature of 
the sewage in the tank does not fall below 45^ F., 
but the rate of decomposition will be much slower 
—one-half of what it is in summer. 

*'(10). That the amount of gas evolved from 
the septic tank with a sewage similar to Worcester 
sewage and having about the same range in tem- 
perature as Worcester sewage, wiU average a little 
over one-half a cubic foot for every hundred gal- 
lons of sewage passed through the tank, the rate of 
flow of the sewage through the tank being eighteen 
hours. In the warmest months the amount evolved 
will, however, be about one cubic foot, in the cold- 
est months about one-fourth of a cubic foot, 

** (11). That the gas given off from a septio 
tank with acid iron sewage does not contain hydro- 
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gen or snlplude of hydrogen, but is a miztore of 
marsh gas, carbon dioxide and nitrogen in abont 
the foUo^ving proportions : Marsh gas, 75% ; car* 
bon dioiide, 6% ; and nitrogen, 19%.*** 

METHODS OF SEWAGE DISPOSAL. 

Where there are large bodies of water, 
either the sea, or inland lakes, or large 
rivers, disposal by dilution is a common 
method. Irrigation and intermittent filtra- 
tion through sand areas are also common 
methods. Chemical precipitation, which 
has been extensively employed in England, 
where there are two hundred to three 
hundred plants in operation, is not, at the 
present time, considered a very satisfac- 
tory method, although the size of the 
stream or body of water, and whether or 
not it is used as the source of a public 
water supply, may be properly taken into 
accoimt. Not only in England, but in this 
country there are a considerable number 
of cities and towns which must secure a 
substantially complete removal of organic 

* A considerable portion of the preceding pages is taken 
from a dlacustdon of Sewage Disposal in Pioo. of Am. Soc. 
€. E., for Sept., 1903, Vol XXIX, No. 7, pp. 882-38. 
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matter before sewage is discharged into 
small streams. To remove the suspended 
matter and a portion of the organic matter 
from sewage and discharge the effluent 
into such, is no longer permissible — a 
higher degree of purification is required. 

Finally, in an enumeration of methods 
of sewage disposal, we come to the bio- 
logical methods— either the septic tank, 
followed by filtration through bacteria 
beds, or treatment on bacteria beds, alone, 
preceded by a removal of the coarse 
material, detritus, etc. 

Sedimentation, mechanical separation, 
etc., may also be mentioned, although they 
can hardly be considered as systems of 
sewage disposal at the present time. 

TEMPERATURE OF SEWAGE. 

Experiments of the State Board of 
Health of Massachusetts, at their Lawrence 
Experiment Station, show that the tem- 
perature of sewage entering septic tank 
varies from about 39° Fahr. in January, 
to 14? in July. The winter temperature 
of the air at Lawrence is an average for 
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state of Weather. 



Temperature of 
Sewage. 



Temperature of 
Atmosphere. 



Temperature of Bed 
Before Filling. 



Temperature of Bed 
When Full. 



Temperature of 
Filtrate. 



Temperature of Bed 
When Empty. 



Temperature of 
Atmosphere. 



Temperature of Bed 
Before Filling. 



Temperature of Bed 
When Full. 



Temperature of 
Filtrate. 



Temperature cf Bed 
When Empty. 
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THE DISTINCTION BETWEEN FRESH, STALE 
AND SEPTIC SEWAGE. 

Fresh sewage usually contains free oxy- 
gen and nitrogen in the form of nitrites, 
and nitrates, together with a relatively 
large proportion of organic matter in sus- 
pension. 

Stale sewage is sewage in that state 
when the carbon, through bacterial agency 
in the presence of free oxygen, is oxidized; 
nitrogen and hydrogen unite to form am- 
monia, which uniting with the carbonic 
acid, forms ammonium carbonate. Under 
the influence of the mechanical, and bac- 
terial forces acting upon it, the dissolved 
organic matter is finally exhausted, but up 
to this point free ammonia increases, while 
crude organic matter decreases. We 
designate as stale, sewage from which the 
free oxygen has just become exhausted 
and free ammonia increased to the possi- 
ble maximum by the exhaustion of the 
oxygen. 

After the oxygen is exhausted, the bac- 
teria still continue active and chemical 
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changes go on, breaking up organic matter 
into simpler forms. While sewage con- 
taining free oxygen has not a particularly 
offensive odor, after the oxygen is exhaus- 
ted, sewage become very ill-smelling, 
because of the generation and escape of 
hydrogen compounds of carbon, sulphur 
and phosphorous. The result of these 
changes is to decrease the amount of car- 
bonaceous and nitrogenous matter in the 
sewage. Sewage in this state is known as 
septic sewage. 

In the 1895 report of the State Board of 
Health of Massachusetts, it was recognized 
that in stale sewage the organic matter is 
finely divided, and hence a much larger 
percentage of it will enter the pores of a 
filtering material, and the filter surface 
will not become so quickly clogged as it 
will when fresh sewage is applied to a 
filter. 

THE TREATMENT OF SEPTIC SEWAGE. 

The treatment of septic sewage may for 
present purposes be taken to mean not 
only the treatment necessary to produce 
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septic sewage in the shortest possible 
time, but also sacb further treatment as 
may be necessary in order to purify the 
sewage, for it should be understood that 
septic sewage is only sUghtly purified, as 
may be sufficiently seen by considering the 
following tables. This treatment is also 
called the bacterial treatment or purifica- 
tion of sewage. 



Table No. 2, 

AT«raffe AjulyueB of Sewage 
Septlo Tank, at Lawrexioe 
(Parts per 100,000). 



it enters 
Station. 



i 



O 

§ 



58 



1898 
1899 
1900;55 
190153 



Ammonia. 



4.44 
3.49 
4.99 
5.64 



Albuminoid. 



Total 



0.79 
0.89 
0.98 
0.88 



In Solntion 



0.47 
0.26 
0.37 
0.44 





1,922,000 
2,993.400 
3,954,000 
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Table No. 3. 

Average AnAlyaiB of Bi&uent of Septic Tank, 
at Ijawrenoe Bzperiment Station. (Parts p«r 
100.000). 



i 



1898 
1899 
1900 



1901 



O 



57 
57 
56 
56 



AmmoniA. 



4.86 
4.08 
4.61 
4.90 



Albuminoid. 



Total In Solution 



0.41 
0.34 
0.39 
0.43 



0.32 
0.25 
0.25 
0.29 



s 
I 



10.11 
7.00 
9.93 

10.40 



'i 



6 



2.29 
2.52 
2.85 
3.12 




324,500 
577,100 
1,209,500 
671,000 



Examining Tables Nos. 2 and 3, it is 
seen that for the year 1898, there was a 
slight increase in the free ammonia, with 
slight decrease of the albuminoid ammo- 
nia. The bacteria for that year are not 
given in the sewage a*: it enters septic 
tank, but the effluent still contains about 
325,000 bacteria per cubic centimeter. In 
1899 there was a slight increase in the 
free ammonia and a material decrease in 
the albuminoid ammonia, so that the total 
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albuminoid ammonia impurity is not sped* 
ally large. The bacteria in the sewage as 
it entered the septic tank amounted to 
1,922,000 per cubic centimeter, and in the 
effluent from the septic tank, to 577,100 
per cubic centimeter. In 1900 there was 
a slight decrease in the free ammonia as 
the sewage flowed from the septic tank, 
with a material decrease in the albumi* 
noid ammonia. Bacteria amounted to 
2,993,400 per cubic centimeter as the sew- 
age entered the tank, and to 1,209,500 per 
cubic centimeter in the effluent from the 
septic tank. 

COMPOSITION OF SEWAGE IN THE UNITED 

STATES. 

According to the State Board of Health 
of Massachusetts, sewage may be denomi- 
nated oither strong or weak, according to 
the amount of organic matter in a given 
volume of sewage. The following are the 
average yearly analyses of sewage experi- 
mented upon at Lawrence, Massachusetts, 
for the years 1898-1900, as taken from a 
street sewer in that city. 



Table No. 4. 

Taarly Avanig* of Axalynem of SawB^a from 
a atra*t B«war in L 
(FkM p«r 100.000.) 
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COHFOSmO::! OF ENGLISH 8EWA0&. 

The following table, as g^ven by Mr. 
Fuller, ehows the composition of the sew- 
age of a number of towns in England. 
The following are some of the main facts 
in regard to the sewerage of these towns : 

Suddersfidd. — The average analysis of 
sewage in this manufacturing city with ^ 
popuhition of 100,000, is based upon the 
mean result of hourly samples colleoted 
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for twenty-foup consecutive hours on five 
difiEerent occasions, averaged with the 
mean analysis of the sewage from August, 
1898, to February, 1900. The sewers are 
on the combined plan, with 29^ of the dry 
weather flow made up of trade refuse. 

Leeds. — This analysis represents sewage 
from a manufacturing city with a popula- 
tion of 430,000, covering the period from 
November, 1898, to June, 1900. The sew- 
ers are on the combined plan and contain 
much trade waste — especially iron liquor. 
Leicester. — The average analysis from 
this city of 220,000 population, represents 
the results from mixed half -hourly samples 
taken one day a week for a period of one 
year — ^from September, 1898, to Septem- 
ber, 1899. The sewers are on the com- 
bined plan, receiving waste from dye 
works and wool-scouring establishments. 

London Northern OuffaU. — This average 
analysis refers to a population of about 
3,250,000 and is estimated from records 
obtained at different periods during the 
past twenty years. Ground water and 
manufacturing waste do not seem to have* 
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been a irery important factor. The sew- 
ers are on the combined plan. 

Lomdon Southern OutfdU, — This average 
resnlt is based upon the data for the years 
1893-^. These analyses represent a some- 
what different sewage than that of the 
Northern Outfall, due in part to manufac- 
turing refuse, but more particularly to 
ground water entering the sewer. The 
sewers are on the combined plan and re- 
ceive the sewage of 1,675,000 people. 

Mcmchester. — The average analysis of 
sewage from this manufacturing city with 
a population of 562,000, is based on hourly 
samples which were mixed in equal pro- 
portion from Monday noon until Friday 
noon, to give four representative daily 
samples per week. The data cover the 
period from May, 1900, to January, 1901. 
The sewers are on the combined plan, with 
much trade refuse. 
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QUAMTITY OF SEWAGE TO BE 
PROVIDED FOB. 

It is quite common in the United States 
to provide for one hnndred gallons of sew- 
age per capita per day, although the size 
of the town may be properly taken into 
account. Broadly, the use of water is 
greater in lai^ towns than in small, and 
in some cases, at any rate, seventy or 
eighty gallons per capita per day will be 
sufficient. The following three cases may 
be taken to show the probable quantity at 
typical public institutions. 

(1). At the State Insane Hospital, at 
Weston, West 'Virginia, as the result of 
several days gaging, made in January, 
1891, the mean total flow for twenty-four 
hours was found to be 101,047 gallons. 
The tributary population at the hospital, in- 
cluding officers, patients, attendants and 
nurses, was 1,000. In addition to sewage 
proper, the sewer received some roof 
water, but at the time of making the gag- 
ings there was neither rainfall nor melting 
snow to contribute from this source. The 
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sewer, however, received the water of 
condensation from the steam heating 
apparatus at the hospital, amounting, in 
the month of January, to about 10,000 
gallons per day. Aside from this addi- 
tion, the results may be taken as repre- 
senting the normal sewage at the institu- 
tion. There was little or no leakage from 
water fixtures. The maximum, amount- 
ing to 6,696 gallons per hour, occurred 
between 9 and 10 A. M., while the mini- 
mum of 2,079 gallons per hour occurred 
between 1 and 2 A. M. Deducting the 
estimated water of condensation at 10,000 
gallons per day, there remains about 91,- 
000 gallons per day of sewage, proper, 
which for a tributary population of 1,000 
amounts to 91 gallons per capita per day. 
(2). The main sewer at Long Island 
State Hospital, at Elings Park, N. Y., was 
gaged December 10-14 inclusive, 1900, 
with the result of showing an average flow 
for twenty-four hours of 338,779 gallons. 
The total population of the hospital was 
3,250, giving an average of 104 gallons per 
capita per day. This, however, did not in 
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dude the latmdry sewer, which was gaged 
separately, and which gave an average of 
92,143 gallons per day, or 28 gallons per 
capita per day. 

(3). The sewers of old colony, Manhat- 
tan State Hospital, at Central Islip, N. Y., 
were gaged December 21-25, inclusive, 
1900. The gagings gave a mean flow of 
88,193 gallons in twenty-four hours. The 
tributary population was 1,400, equivalent 
to 63 gallons per capita per day. The 
gagings here included flow of laundry 
sewer, and, therefore, represent the total 
flow from the hospital. 

TaMng an average of the mean flows at 
these three hospitals, it is found to be 95 
gallons per capita per day. At Kings 
Park, however, the use of the water was 
very lavish, as was it also at the West 
Virginia Hospital, and indeed, in insane 
hospitals generally, the sewage flow may 
be expected to be larger than in other 
hospitals, insane patients taking every 
opportunity to allow water to run, by 
blocking open water closets, fixtures, etc. 
It is not doubted, therefore, that at Kings 
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Park, by systematic attention, the use 
of water could be easily reduced to 80 gal- 
lons per capita peit day, and the same is 
also true of the West Virginia Hospital. 
At Manhattan State Hospital it is already 
as low as can reasonably be expected. 
It may be again pointed out that at Kings 
Park the laundry sewage amounted to 28 
gallons per capita per day. 

In the case of all these gagings perfectly 
tight sharp-crested weirs were used, and 
there is no reason for supposing that the 
results are not accurate. In every case 
the sewage was found to fluctuate between 
a maximum and minimum quite similar to 
that given in detail for the West Virginia 
Hospital. 

As regards towns, probably for those 
of only a few thousand inhabitants, 70 to 
80 gallons per capita per day is su£fi.cient, 
while for larger towns, the use of water is 
somewhat more lavish. In any case, there 
is no doubt but that it is much greater 
than necessary. 
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GHABACTTEBISTICS OF SEPTIC SEWAGE. 

When sewage is drawn from a septio 
tank it is generally of an exceedingly 
offensive odor, darker colored than when 
entering, though usually clearer than sew- 
age before treatment. It contains a 
smaller amount of nitrogenous organic 
matter in solution. When sewage enters 
a septio tank we may consider 40^ of the 
total nitrogenous matter as in suspension, 
while in the ef&uent from such a tank 
there is not much more than 20%. Another 
advantage is that the suspended matter in 
the eflBluent from such a tank is much more 
finely divided than in fresh sewage. 
Usually, free ammonia is increased some- 
what, while the albuminoid ammonia is 
decreased, as has already been pointed out 
in discussing Tables Nos. 2 and 3. Nitrifi- 
cation does not take place in the septio 
tank, because its activity depends upon 
another class of bacteria. 

The action of the septic tank is to break 
up complex organic compounds into sim- 
pler substances, preparing the sewage for 
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more easy purification by some form of 
filtration* It is, in effect, a way of aiding 
the bacteria in either intermittent filtra- 
tion, double contact beds, or by filtration 
through percolating filters. 

The following, from Kinnicutt and Ed- 
dy's Worcester report, gives the more 
essential points of septic action : 

'^The breaking down of the complex, organie 
sabstancee is due, directlj or indirectly, to the 
action of anisrobic bacteria, and as the result of 
this action a certain amount of the suspended 
matter in the sewage is brought into solution and 
»|iart of the organic matter changed into water, 
ammonia, carbon dioxide, nitrogen, marsh gas and 
hydrogen, 

«< In the passage of the sewage through a septic 
tank a large amount of suspended matter settles 
down to the bottom of the tank and is there acted 
upon by bacteria and so changed that a part of it 
is zenderod soluble and is cazzied off in the effluent, 
while a portion is broken up into gases which 
sscape from the tank. 

*' The action of the septic tank is therefore two- 
fold, preparing the sewage so that it is more easily 
aoted upon by the sarobio or nitrifying bacteria, 
and removing, in the form of gas, a certain amount 
of the organic matter that the crude sewage con- 
tains. The changes that take place in the septic 
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tank and the amount of organic matter that has 
been removed from the sewage, have usoally been 
determined by examination of the crude sewage 
and effluent; and comparatiyely little attention has 
been given to the study of the deposit formed in 
the tank or to the gases given off by the decompo- 
sition of the organic matter. 

* ' The study of the gas evolved and of the deposit 
formed are, however, of very decided importance, 
for the only way organic matter, can be removed 

o from the sewage is by precipitation or by being 

'changed into gas; and the determination of the 

amount and of the composition of the gas formed, 

give a much better idea of the energy of the bacterial 

^ action than can be obtained by the examination of 
the sewage and the effluent. The effluent from a 
septic tank is usually considered as the sewage from 
which a certain amount of organic matter has been 
removed, while, in fact it is the sewage minus this 
quantity, but with the addition of liquid com- 
pounds derived from the decomposition of the 
sludge at the bottom of the tank, and of suspended 
matter thrown up to the surface of the liquid by 
violent evolutions of gas. It is on this account that 
the examination of the sewage and effluent do not 
give the amount of bacterial action that is taking 
place at any time given within the tank, or the true 
amount of purification of the sewage that is enter- 
ing the tank during that period.'* 
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jsROBiCy ak^:eobig and facultattve 

BACTERIA. 

Two general classes of bacteria are 
recognized — the ansBrobic, or those acting 
without the presence of oxygen, and the 
serobic, or those requiring oxygen for effi- 
cient action. The facultative bacteria are 
those which may exist either with or with- 
out the presence of air. In the septic 
tank the work is performed by anearobic 
bacteria, and at the conclusion of septic 
action the surviving bacteria are largely 
facultative. A considerable proportion of 
the bacteria in the effluent are liquefying 
bacteria. 

Experiment shows that aerobic bacteria 
flourish in the presence of manganese and 
soda compounds, especially the mangan- 
ate and nitrate of soda, but anaerobic fer- 
mentation is prevented when these com- 
pounds are present. Aerobic fermenta- 
tion win not take place in a strong acid 
sewage. Lime and soap are also detri- 
mental when present in sewage in con- 
siderable quantities. In his testimony 
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before the Boyal Commission on Sewage 
Disposal, Mr. Dibdin expressed the opin- 
ion that the aneerobic bacteria are mis- 
chievous — that better results will be ob- 
tained by confining sewage purification to 
the aerobic forms. 

BOTH ^ROBIC AND AN-ffiROBIC BACTERIA 
EFFICIENT IN THE PURIFICATION OF 

SEWAGE. 

As stated in the foregoing, either aero- 
bic or anaerobic bacteria may be utilized 
for sewage purification, although the 
method is very different. In order to 
utiUze anaerobic bacteria, sewage is con- 
fined in a closed tank, while in the utiliza- 
tion of aerobic bacteria, the opposite takes 
place — that is, sewage is spread over 
coarse filters of clinker or broken stone, 
coarse enough to bring every portion of it 
in contact with the air« 

In English works on sewage purification, 
treatment by anaerobic bacteria is called the 
septic tank system, while a general name 
for treatment by aerobic bacteria without 
the use of a septic tank is sometimes de- 
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nominated the Sutton system or process, 
due to the fact that works utilizing this 
method were first constructed at Sutton, 
England. Moreover, the two processes 
are usually combined, the Hquef action of 
the sludge taking place in a septic tank,, 
followed by further treatment through bac- 
teria beds. 

UX3ATI0N OF BACTERIA IN THE SEPTIC 

TANK. 

As just seen, according to the theory of 
the septic tank, the bacteria hving in it are 
those which thrive without the presence of 
air, or anserobic, and hence cause putrefac- 
tion instead of nitrification. Experiments- 
have been made showing that the bacteria 
in the tank live on the sides, bottom and 
top of the tank, where organic matter accu- 
mulates and where they are found in enor- 
mous numbers compared with the num- 
bers found in the liquid passing through the 
tank. In Scott-Moncrieffs tank, sewage 
is passed upward through a tank filled with 
broken stone, the supposition being that 
this broken stone will afford an exten- 
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sive foothold and breeding place for the 
necessary bacteria. The sewage enters at 
the bottom of the tank, where the sludge 
accumulates, if it accumulates at all. In 
such a tank an upward filtration is carried 
on } the sewage passing upward meets and 
is acted upon by the bacteria living upon 
the surfaces of the broken stone. 

AS TO THE DIMENSIONS OF A SEPTIC TANK. 

^ So far aa there is any definite experience 
in the matter, a septic tank should have 
about the following dimensions : FroiQ 5 
to 10 feet in depth — ^it ought not to be less 
than about 5 feet and probably not to ex- 
ceed 10 feet, although on this latter point 
the writer does not know of any satisfac- 
tory experiments. The width may be two 
to five times the depth, and the length such 
that the required quantity will just pass 
through in a predetermined time. For in- 
stance, with 100,000 gallons of sewage per 
day the tank may be 10 feet deep by 30 to 
50 feet wide, two changes per day being 
assumed. For one change per day the 
tank should be of double the preceding 
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size. The proper test of dimensions of a 
septic tank is, however, the relation of 
velocity of flow through the tank, as dis- 
cussed in the chapter on Velocity of Plow^ 
etc. 

PBEPARATION FOB VARIATION IN THE 
QUANTITY OF SEWAGE. 

It will be evident without special discus- 
sion, that the flow of sewage through such a 
tank should be tolerably uniform, varying 
not very greatly from day to day. Where 
there are large variations a special 
arrangement of the tank should be made 
to take care of such. These arrangements 
may include (1), either automatic gates 
which may be lowered, thus reducing the 
depth and cubic content of the tank ; or (2), 
arrangements by which only part of the 
tank is used ; or both. Where there are 
great variations the tank may be made in 
two parts, so arranged that one part may 
be thrown out of service when the flow is 
greatly reduced. 
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LENGTH OF TIAIE BEQUIBED FOB EFFICIENT 

SEPTIC ACTION. 

/ The experiments of the State Board of 
Health of Massachusetts indicate that a 
septic tank should not be filled more than 
once in twenty-four hours, although some 
of the experiments made by this Board in- 
dicate that for a maximum flow of gas, at 
least thirty-six hours would be required. 
Unfortunately, with long flows, the tank 
capacity becomes so large as to make the 
septic system an exceedingly expensive 
method of purification, and accordingly 
the tendency has been to cut down the 
tank until a number of tanks haye been 
installed of ,so small a size in relation to the 
total quantity of sewage to be passed per 
day that the sewage is not retained there- 
in more than five or six hours. It is 
doubtful if under these circumstances the 
purification attained is very valuable, as 
the bacteria require some time in which 
to perform their work. For the present, 
the writer is disposed to say that the 
capacity of the tank should be such as to 
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permit of not more than one change in * 
twenty-four hours — that is to say, if the 
daily sewage flow of a town is 300,000 
gallons, then the septic tank must haye a 
capacity of 300,000 gallons. 

Many of the experiments made in Eng- 
land indicate from eighteen to twenty-four 
hours as the proper time for an efficient 
septic action. 

A septic tank also requires from two to 
four months time before it is in proper 
action. Hence, sludge should be removed 
without materially interfering with the 
liquid portion. The inoculation of a new 
tank with crust from a mature one will 
materially assist the second tank to effi* 
dent action. 

SEPTIG TAKE AT EXETER, ENGLAND. 

In 1895, Donald Cameron, City Surveyor 
of Exeter, constructed a sewage purifi- 
cation plant, in which the solid matters of 
the sewage were destroyed by the action 
of anffirobic bacteria, followed by final 
purification through the action of aBrobio 
bacteria in clinker filters. 
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The instaUation at Exeter consists of a 
grit chamber, a septic tank and five filter 
beds, four of which are working constantly, 
with one held in reserve. The septic tank 
has a capacity of about 54,000 Imperial 
gallons, which represents from eighteen to 
twenty hours flow of the sewage. The 
grit chamber is formed by building a wall 
across the tank and is divided into two 
portions by a wall along the middle line. 
In these chambers, the grit and road detri- 
tus are deposited, the sewage passing into 
the tank proper containing only traces of 
suspended mineral matter. The tank 
proper has a total length of about 58 f eet, 
in which the sewage remains from eight- 
een to twenty-four hours, according to the 
volume supplied by the sewer. The tank 
is constructed of bricks laid in cement and 
covered with an arch of similar material 

The effluent flows from the tank by 
means of a pipe, the inlet of which is below 
the water level in the tank. It then 
enters a horizontal trough, closed at both 
ends, so that the water escapes over the 
sides in a very thin layer, upon the eerobic 
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beds. Pour of these beds are filled with 
furnace clmker and one with coke breeze. 
They each have an area of 80 square yards 
and are 5 feet deep. By means of an auto- 
matic apparatus the filling, standing full, 
emptying, and resting empty for aeration 
are regulated. One filter is filled at a 
time. It stands full while the next is fill- 
ing, after which it is discharged and re- 
mains empty while the third and fourth 
are filling. 

CHABABCTEB OF THE EFFLUENT FROM 
SEPTIC TANK AND BACTERIA BEDS. 

The effluent produced by the septic tank 
followed by filtration through double con- 
tact beds, is comparatively clear and color- 
less and fairly inodorous, provided the septic 
tank and beds are properly constructed. It 
does not putrefy on standing and contains 
appreciable quantities of nitrates. It can 
be discharged into a stream, containing 
nothing injurious to fish life. Neverthe- 
less, it is not fit for drinking water, but 
should it be necessary to discharge it into 
a stream which is the source of a water 
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supply for a municipality, it may be further 
purified by passing through additional bac- 
taria beds, in which way it is possible to 
absolutely purify the water, although it 
can not be concealed that the double, or in 
some cases triple filtration necessary to 
produce this result wiU be very expensive. 

THE NATUBE OF THE PROCESS IN THE 
SEPTIC TANK. 

The process taMng place in a septic 
tank is both mechanical and biologicaL 
Experiment shows that sedimentation is 
effected, provided the rate of flow of sew- 
age does not exceed 3 feet per minute. 
The flow in a septic tank is very much less 
than this — ^usually not more than a few 
feet per hour. Hence, it follows that the 
suspended solids will be mostly precipita- 
ted before traveling very far from the inlet 
end of the tank. As these solids fall to 
the floor of the tank they become subject 
to the action of bacteria, which in time 
render them soluble. As bacterial action 
proceeds the settled particles become 
buoyant, owing to the entangling of gases 
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generated during the process, and rising 
to the top of the tank, form a thick leath- 
ery scum. This scum is in a high state of 
bacterial activity— Uquef action progressing 
freely. The matter which finally falls 
back to the bottom is a black, inoflEensive 
mass of small bulk as compared with the 
original suspended sohds from which it 
was derived. 

This leathery scum forms easily and 
makes an almost impermeable covering, 
beneath and on the under side of which, 
the micro-organisms thrive under ansBro- 
.bic conditions even when the tank is not 
roofed. 

PERMANENCY OF BACTERIAL OR CONTACT 

FILTERS. 

Bacterial or contact filters are construct- 
ed of coarse material and the entire depth 
is brought into contact with the sewage 
applied each day. The name, bacterial fil- 
ter, is misleading as an intermittent sand 
filter is as truly a bacterial filter as filters 
of coarse material — ^the only difference 
is that material is fine in one case and 
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coarse in the other. Contact filter is con- 
sidered a more suitable term. The ma- 
terial of these filters may be either coal, 
coke, broken stone or cinders — although 
broken stone and coke are considered to 
be the best. 

The question of the permanency of these 
filters is one of importance from whatever 
point of view it may be looked at. As to 
whether the open spaces — the interstices — 
will become filled with mineral and 
organic matter so that the filtering ma- 
terial will require removal and washing, if 
the filter is to be continued in operation,, 
is a question of practical moment. The 
following examples from the Report of the 
State Board of Health of Massachusetts, at 
their Lawrance Experiment Station, are 
pertinent. 

The contact filter, containing 4^ feet in 
depth of ashes and cinder, first in use in- 
November, 1896, had become so badly 
clogged by December, 1898, that it was 
thrown out of service. 

Another contact filter was placed in oper- 
ation in September, 1897, and contained 
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five feet in depth of cinder freed from fine 
material. This filter was in good working 
condition in Jannary, 1900, operating at 
the rate of approximately 560,000 gallons 
per acre per day, and producing as satis- 
factory an effluent as can be expected from 
a contact filter. At the end of two years 
the interstices of this filter had decreased 
12 jf, or from 55jf to 43^, but since that time 
there has been Uttle or no decrease. 

Another contact filter has been in opera- 
tion for over two years at the average rate 
of 666,000 gallons per acre per day. This 
filter has operated quite similarly to that 
previously described. It is filled with 
coke, but there is no tendency to disinte- 
gration observable in the coke in this fil- 
ter. Quite similar results have been 
obtained with two other filters. 

In the 1901 Report, it is stated that one 
of the foregoing filters at the end of four 
years has lost 35% of its open spaces, on 
which account the rate was reduced to 
520,000 gallons per day. Up to October, 
1901, this filter had been filled but once 
daily, but upon November 15, the filter was 
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filled in tliree applications, allowed to stand 
full one hour and then drained, five hours 
being allowed for draining, after which it 
was filled and drained again, thus increas- 
ing the rate to 1,000,000 gallons per acre 
per day. The average rate of filtration 
of this filter for the year 1901 was 577,900 
gallons per acre per day, but in the month 
of April of that year, the rate was only 
290,000 gallons per acre per day. 

Judging from the operation of the fore- 
going contact filters, so far as one can 
learn from the time they have been in 
operation, there first takes place a rapid de- 
crease of 12jf to 15^, which is due to the 
setthng and breaking down of the material 
of the beds, after which the decrease is 
slower, but so far as can be seen, after five 
or six years, these filters will require the 
removal of the filtering material and re- 
washing. When they are again put in 
operation there will be required a Httle 
time to bring them into proper bacterial 
condition. But if such filters are rested 
for sufficient periods and efficient means 
for removing the mineral matter taken, 
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they may be continued in service for eight 
or ten years. 

Probably, the chief question is as to the 
loss of capacity of a contact bed through 
the growth of organisms and the deposit 
of the ashes of organic substances. It has 
been shown that if material of a contact 
bed be examined when in active condition, 
every piece is found covered with a slimy 
growth. Under the microscope, this slime 
is found to be composed of bacteria and 
zooglea. The action of the bed depends 
upon the quality and amount of this 
material — the greater the amount, the 
greater the efSciency — but if the limit is 
passed, the liquid capacity is diminished 
and the water will not drain away. As to 
whether the growth of organisms can be 
so regulated that the bed can doits proper 
work, and at the same time not lose its 
capacity for liquid, is not yet settled. 

QUANTTTT OF SEWAGE WHICH CAN BB 
TREATED BY BACTERIA BEDS. 

No universal rule can be laid down as 
to the quantity of sewage which can be 
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treated in bacteria beds. The English 
Local Government Board insist that a bed 
should be used but once daily, and fixes 
the water capacity at one-quarter of the 
gross content. Probably, the object in de- 
manding this capacity is to enable a por- 
tion of the storm water to be dealt with 
the same as ordinary sewage. It is claimed 
that bacteria beds may be filled twice daily 
and that in some cases, at any rate, they 
work better than if filled but once. There 
is, however, a disadvantage in too frequent 
working, because the water capacity be- 
comes diminished, with the result that 
less and less sewage can be treated each 
time. 

Taking 25jf water capacity and depth of 
bed of 4 feet, and emptying twice a day, 
800,000 U. S. gallons of sewage per acre can 
be treated per day. Or, with one filling, 
one-half this quantity can be treated. 
With greater depth an additional quantity 
can be treated, but there is a limit to the 
depth of the bed — probably, it ought not to 
exceed 7 to 8 feet. With percolating filters, 
quantities as high as 2,000,000 gallons per 
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acre per day are claimed, and in some 
cases, experiments in England indicate as 
high a rate as 4,000,000 to 5,000,000 Im- 
perial gallons per day, but whether this 
rate can be maintained for any length of 
time, is not yet setlted. For present pur- 
poses we may say that 300,000 to 500,- 
000 gallons per acre per day may be 
treated on primary beds, 4 feet deep, and 
from 800,000 to 1,000,000 gallons per acre 
per day on secondary beds, 3 feet deep, 
and 2,000,000 gallons on percolating filters. 
These figures are, however, very general, 
and for a broader view the reader is re- 
ferred to various extensive publications 
treating this division of the subject. 

THE NTJMBEB OF BACTERIA IN CBUDE 

SEWAGE. 

Crude sewage contains at least one mil- 
£on bacteria per cubic centimeter, and fre- 
quently more than ten million. A very 
large proportion are capable of growing at 
blood heat. The following are some of 
the common forms : 

BaciUus colt communis. — This form is apt 
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BadHus coti, BacUhis enteriUdis s^porogenes 
and Str^tococci as crude sewage. No defi- 
nite proof has been fumislied that the 
effluents from bacteria beds are more safe 
in theur possible relation to disease than is 
crude sewage. Indeed, the available evi- 
dence tends to show that they must be re- 
garded as nearly, if not quite, as danger- 
ous to health as raw sewage. Moreover, 
the inoculation of animals with effluents 
from bacteria beds goes to show that they 
are nearly as pathogenic as crude sewage. 

It is possible, when the land is of the 
proper quality, with land treatment, to 
secure remarkably good bacteriological 
results. In intermittent ffltration through 
coarse sand it is not specially difficult to 
secure a reduction of the original bacteria 
in the crude sewage of over 99^. Broadly, 
the treatment of sewage on land must be 
considered more satisfactory, from a bac- 
teriological point of view, than its treat- 
ment by the septic tank, followed by fil- 
tration through bacterial or contact beds. 

The effluents from chemical processes 
are not sufficiently purified to permit of 
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their discharge into a water supply with 
out further treatment. 

AS TO THE PURIFICATION OF CONCENTRA- 
TED SEWAGE. 

The State Board o£ Health of Massa- 
chusetts placed in operation in September, 
1899, a septic tank to receive the sludge 
from settled sewage, the idea being that in 
places where the volume of sewage was 
large and the expense of septic tanks for 
treatment of the entire volume prohibitive, 
the sludge collected at the bottom of ordi- 
nary settUng tanks could be flushed into 
a small septic tank and there partially de- 
stroyed by anaerobic bacteria. During the 
winter of 1899-00, there was a constant 
accumulation of sediment in the tank, 
until in the middle of May, 1900, over 
60^ of the tank was filled with a dense 
sludge. Sewage of the character of 
that in Table No. 6 was continued to be 
applied, but the accumulated organic mat- 
ter decreased, until on January 1, 1901, 
the sediment occupied only 8^ of the 
tank capacity. We may assume that the 
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right conditions for the desired bacterial 
action did not occnr until the summer of 
1900, as there was no further accumula- 
tion during the winter of 1901. The fol- 
lowing tables show the average yearly 
composition of this concentrated sewage 
as it enters the septic tank and of the 
effluent from such tank : 



Table No. 6. 

Av«r»ffe TMffly Ck>inposition of Oonoantrated 
8«w»ff« Mi it enters Septlo Tank. (Parte per 
100,000). 



1 

1900 
1901 



p4 



I 



(2) 



57 
65 



(3) 



4.43 
4.84 



Albmninoid 
Ammonia. 



(*) 



2.52 
4.04 



I 

0.29 
0.33 






(6) 



2.23 
3.71 



I 



(7) 



10.41 
11.08 




(8) 



13.02 
18.11 




(9) 



8,104,000 
8,667,000 
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Table No. 7. 

Avaraffe Taarly CompoBitlon of th Effluent 
from Septic Ttmk reoeivinsr Conoentrated Sew- 
age. (Parts per 100,000). 



(1) 
1900 

1901 



1^ 
o 

i 



(2) 
55 

54 



(3) 



5.90 

9.74 



Albmninoid 
Ammonia. 



1 



0.55 
1.10 



I 

(5)" 
0.27 

0.31 



m 



(6) 



0.28 
0.79 



I 



(7) 



9.72 
11.62 



'i 



a 

oo 



(8) 



3.85 
6.75 



25 



W 



1,182,400 
720,600 



This brings us to the consideration of 
what seems to be an important point in 
the septic tank — ^that the more concen- 
trated the sewage is, the more satisfactory 
wiU be the resolution into sunpler forms. 

TRANSFORMATION OF CELLULOSE, ETC. 

One of the most useful functions of the 
septic tank is hydrolosis and the transform- 
ation into gases of the cellulose in sewage, 
such as paper, rags and other refuse mat- 
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ter, vegetable matter, etc. On October 4, 
1900, a considerable quantity of news- 
paper, cotton and woolen cloth was placed 
in the septic tank of the State Board of 
Health at Lawrence, Massachusetts. This 
material was contained in wire baskets. 
On December 31, the cloth and paper were 
still intact, but so rotton they fell to pieces 
when touched. The same substances, 
upon the surface of U filter would have re- 
mained, without much change, for a longer 
period. It is stated that the action of the 
tank is such as to destroy, in a few months, 
either rubber or leather boots, but so far 
as can be learned, there are no adequate 
experiments verifying this statement. 

COMPOSITION OF SEPTIC TANK SLUDGE. 

The composition of sludge will depend 
upon the composition of the sewage, as to 
whether storm water enters the sewers and 
how thoroughly the sewage is screened 
before entering tank, etc. The following 
analyses of the sludge from the septic 
tank at Worcester give an idea of its com- 
position: 
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OompcMiltion of the Sludsre at W<»ro68ter. 





Specific 
Gliavity. 


Per Gent 


Date. 


i 


1 


January 4, 1901. . . 

May 7, 1901 

October 22, 1901. . 


1,039 
1,041 
1,043 


8.73 
9.70 
9.93 


91.27 
90.30 
90.07 



Bather singularly, chemical analyses of 
the sludge findngi^ septic tanks/etc., do 
not seem to have been made by the Eng- 
lish investigators. 

COMPOSITION OP SEPTIC TANK CRUST. 

The following tabulation is an analysis 
of a sample of the crust, taken from the 
closed septic tank at Worcester, in Febru- 
ary, 1901 

Per Cent. 

SiUca, SiO, 12.62 

Iron sulphide, FeS 8.93 

Iron, Fe (not united to sulphur) 1.61 

Sulphur, S, not as sulphide.... 0.00 
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Per Cent. 

Alumina, A1,0, 12.62 

Lime, CaO 4.23 

Carbon, C 41.83 

Hydrogen, H 6.51 

Nitrogen, N 5.20 

Formerly, it was believed that the crust 
was a necessary part of septic action, but 
this view has been recently modified. In 
many cases no permanent crust is formed, 
but only a light scum over parts of the tank, 
from whence it is inferred that a crust is 
not a necessity, but merely an incident in 
the liquefaction of the soUds taking place 
in the tank. The open septic tank at 
Worcester is at times completely covered 
with a crust, while at other times only a 
small proportion is covered. The forma- 
tion, non-formation and disappearance 
of the crust are phenomena for which 
there is as yet no adequate explanation. 

ACTION OP THE SEPTIC TANK ON ACTO IRON 

SEWEBAGE. 

The foregoing results at Worcester, 
MassachusettSi have been obtained by ex- 
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perimenting on tne ordinary acid iron sew- 
erage of that city, as it reaches the sewage 
purification works. These experiments 
were begun in the autumn of 1900, and 
have since continued. The septic tank used 
was a discarded iron pressure tank, 14 feet 
long and 5 feet in diameter. The inlet 
tube was 2i inches in diameter and bent 
at a right-angle after it entered the tank 
and extended down about one foot below 
the level of the sewage. The outlet tube 
of the same diameter, at the opposite end 
of the tank, also extended one foot below 
the level of the sewage. The sewage was 
four feet deep in the tank, there being an 
air space at the top of one foot. These 
experiments show, as has already been 
pointed out in an earHer chapter, that the 
purification effected by a septic tank in the 
case of an acid iron sewage is not very 
great. 

PUKIPICATION EFFECTED BY SEPTIC ACTION. 

In order to show the purification which 
may be effected by a septic tank under 
varying circumstances, the following tab- 
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ulation is given, showing the results 
obtained at Worcester, Massacliusettfi, 
compared iritb those obttuned at Exeter, 
Manchester and Leeds, England. 

FEB OEST. REMOVED. 

TotaL Solnble. Suapcodsd. 

"Worcester. 22.25 20.67 25.57 

Exeter 23.81 —2.576 56.01 

Manchester .... 27.22 15.45 57.06 

Leeds 34.61 12,05 70.37 

The following table shows the average 
results at Worcester, Massachusetts, from 
October, 1900, to December, 1901. inclu- 



Table No. 9. 

Av«n«* FuriaoattoD at WoToeator. 

(Puta pac 100,000) 
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1 


11 

si 


sow 


i 
1 

(O.W 


11 1 
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THE AMOUNT OP SLUDGE CONVERTED INTO 
SOLUBLE OR GASEOUS SUBSTANCES, 

The amount of sludge converted into 
soluble or gaseous substances, varies 
greatly at difEerent places. Thus, at 
Exeter and at Leeds, as given by Dibdin 
and Harrison, about 70^ was converted, 
while at Manchester, Fowler reports 40 ^ . 
At Pawtucket, R. I., 47^ was converted, 
but at Worcester, Massachusetts, accord- 
ing to Messrs-. Kinnicutt and Eddy, only 
28% was converted. 

At the Manhattan State Hospital, at 
Central Islip, N. T., there is a septic tank 
receiving the entire day's flow of sewage 
which has been in use fourteen years. 
Sludge is removed twice a year. During 
a visit to the hospital in July, 1901, the 
writer saw the sludge removed from this 
tank, which receives on an average over 
88,000 U. S. gallons of sew,age per day. 
This is equal to the sewage of 1400 popu- 
lation at 63 gallons per capita per day. 
There was a scum eight to ten inches 
thick on top and the total sludge amounted 



Table No. 10. 



comparison of the Peroentasres which the Flow 
of Sewaere and the Amount of its Different Con- 
stltnents at Different Hours are of the Averagres 
for the day. 





• 

(2) 
124 


Besidue on 
Eyaporation 


Nitrogen 
as 


6 

158 


• 


Hour. 


1 

(3) 
143 


(4) 
126 


t 
1 

QQ 
(5) 

180 


eS 
< 

(6) 
150 


O "^ 

ii 

(7) 
180 


2 


(1) 


(9) 


9-10 A. M. 


99 


11-12 * * 


116 


160 


159 


162 


157 


155 


167 


114 


1-2 P. M. 


123 


129 


131 


125 


107 


107 


110 


127 


3-4 ** 


116 


142 


114 


204 


113 


141 


141 


120 


5-6 •* 


107 


123 


137 


93 


116 


99 


92 


217 


7-8 " 


103 


97 


105 79 


141 


117 


110 


116 


9-10 ** 


92 


67 


76 49 


84 


66 


85 


7,5 


11-12 " 


85 


84 


76 101 


98 


87 


99 


77 


1-2 A.M. 


74 


35 


43 


16 


35 


31 


22 


53 


8-4 ** 


70 


28 


39 


6 


8 


15 


16 


38 


5-6 " 


77 


32 


44 


8 


16 


14 


19 


38 


7-8 ** 


114 


69 


74 


59 


101 


87 


82 


61 
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ACX5UMTJLATI0N OF SLUDGE IN A SEPTIC 

TANK. 

The septic tank at present in use at the 
Lawrence Experiment Station of the State 
Board of Board of Health of Massachu- 
setts consists of an air tight wooden box 
divided by two partitions into three equal 
compartments. Floating partitions pre- 
vent passage from one compartment to 
another of the scum on the surface of the 
sewage. The following table shows the 
percentage of the total capacity of this 
tank, filled with sediment, at different 
dates : 

' Table No. 11, 

Peroentagre of Capacity of Septic Tank FiUed 
with Sediment. 



1900 


January 1 
per cent. 


May 24 
per cent. 


1|- 
Is, 

19 


i 

December 31 
per cent 


Inlet compartment 


22 


22 


33 


Middle compartment 


— 


33 


14 


22 


Outlet compartment 


11 


11 


10 


11 
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From January 1 to April 12, the sew- 
age averaged seventeen hours in passing 
through this tank. From April 16 to 
April 30, it was twenty-one hours. From 
May 1 to December 31, it was sixteen 
hours. At the end of the year there was 
one- half inch of floating matter on the top 
of the sewage in the inlet compartment 
but not enough to be measured in the 
other compartments of the tank. 

The following data from Worcester, 
Massachusetts, show the accumulation 
of sludge in the tank from July 9, 1900, 
the time it was first placed in operation, to 
October 16, 1902. 

On October 29, 1901, the depth was 
16f inches, equalling 16.14 cubic feet. 
The density was 1.043 and the amount of 
water it contained equalled 90.03^. 

On October 16, 1902, the depth of 
sludge was 23 inches, equaUing 96.99 cubic 
feet. The density was 1.047 and the 
amount of water it contained equalled 
88.57j^. 
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UNIFORM FLOW IN SEPTIC TANK. 

The arrangements of a septic tank 
should be such as to insure uniformity of 
flow throughout its whole extent. If the 
arrangements are not properly made, sew- 
age is Ukely to flow through the tank in a 
comparatively narrow stream and with 
greater velocity than if the flow were uni- 
form throughout the cross-section. 

In order to insure uniformity of flow, the 
pipes leading into the tank may be made 
to dip below the surface and metaUic dis- 
tributers placed across the tank every ten 
or fifteen feet. The first scum board 
should project a few inches above the high- 
est hne of flow, but with a space of at least 
two and one-half feet between its lower 
edge and the bottom of the tank, while the 
second scum board should be set with its 
upper edge a foot and a half below the 
surface and with its lower edge fifteen or 
eighteen inches above the bottom of the 
tank. At the far end of the tank, sewage 
should flow out in a shallow stream over 
some kind of a weir. 
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GAS EVOLVED FROM A SEPTIC TANK. 

During the year 1900, the quantity of 
gas passing away from the septic tank at 
Lawrence, Massachusetts, was measured, 
with the following results : 

Table No. 12. 

Cinantity of (Hui from a Septic Tank. 



1900 



10 measurements, between 
April 21 and May 1, inclusive 
14 measurements, between 
Biay 2 and May 22, inclusive 
22 measurements, between 
July 10 and July 20, inclusive 
Measurements During Month 
of October 



Tempera- 
ture OF. 



< 



54 
55 

80 
65 



QQ 



51 
52 
74 
65 



ill 8)^. 



i 



4.6 
6.3 
8.4 
4.5 



The foregoing figures apply to the con- 
ditions at the Lawrence Experiment Sta- 
tion. Measurements made during the 
night, when the flow of sewage was less 
under control, and a smaller volume pass- 
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ing per hour than in the daytime, showed 
that a volume of gas equal to 13 gallons 
for each 100 gallons of sewage, was evol- 
ved. As an average for sewage of the 
composition of that at Lawrence, we may 
say that probably four to five gallons of 
gas per 100 gallons of sewage, may be ex- 
pected. This gas represents in efEect the 
purification eft'ected by a septic tank, 
although it is proper to point out that the 
action is quite pronounced in the direc- 
tion of causing the sewage to be more 
amenable to treatment by either inter- 
mittent filtration, bacterial filters, or on 
what are now called contact beds. It is 
also marked in the reduction of the sludge 
although the amount of reduction varies 
greatly with different sewages. In some 
cases, the sludge is entirely removed, as 
for instance at Lawrence, where for four 
years no sludge has been taken from the 
septic tank. On the other hand, with dif- 
ferent qualities of sewage, large quantities 
are removed. As a general average, it 
may perhaps be safe to say that 50^ of the 
total sludge in the sewage will be taken 
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care of by a septic tank, though it should 
be understood that this figure is very gen- 
eral, the reduction varying from 90^ to 25 
to 30^. From 30^ to 40^ of the sludge 
flows away in the effluent to be cared for 
on the contact beds, or on whatever addi- 
tional purification is provided. 

Thus far, there 'does not seem to be any 
way to determine beforehand just what 
reduction in the quantity of sludge will 
take place in the tank — apparently, each 
case must be studied by itself, although 
for a purely domestic sewage, entirely free 
from manufacturing wastes, we may say 
that from 70^ to 90% of the sludge will dis- 
appear, and in a few cases, the sludge has 
entirely disappeared, but at least one-third 
flows away in the effluent. 

At Worcester Massachusetts, where a 
different quality of sewage has been ex- 
perimented upon, the following quantities 
of gas have been given off. The amount 
of sewage passing through the tank in 
this case was 2,350 gallons in twenty-four 
hours, while at Lawrence only 250 gallons 
per day passed. 
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Table No. 13. 

Tearly Average of (Hui Evolved at Worcester, 
KuMaohasette. 



Tear. 

IHE 
1901 
1902 



Mean Temperature. 


Cubic feet 

of gas per 

day. 


Sewage. 


Effluent 


(2) 


(3) 


(4) 


58.08 
55.88 


57.78 
55.27 


7.37 ' 
12.62 



Gas in gal- 
lons per 100 
gallons of 
sewage. 

(5) 
2.408 
3.939 



In the year 1902, considerable more gas 
was evolved than in 1901, 3.939 gallons of 
gas per 100 gallons of sewage being given 
oflE. In commenting on this, Messrs. Kin- 
nicutt and Eddy say that the low results 
in 1901 are behoved to be due chiefly to 
the high acidity of the sewage, and experi- 
ments made in the laboratory confirm the 
statement that when sewage has a much 
greater acidity than is represented by 
twenty parts of free sulphuric acid in one 
hundred thousand parts, it is practically 
germicidal. 

Moreover; the results in 1900 show that 
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the quantity of gas is directly dependent 
upon the temperature and that about twice 
as much gas is evolved in warm as in cold 
months. This fact apparently indicates 
that the purification affected by the septic 
tank will be considerably more effective in 
warm weather than in cold weather. In 
the month of July, 1901, 7.7 gallons of gas 
per 100 gallons of sewage were evolved, 
while in December of that year, 0.57 of a 
gallon of gas per 100 gallons of sewage 
was evolved. 



COMPOSITION OF THE GAS EVOLVED. 

The following tabulation shows the aver- 
age composition for the year, 1902, of the 
gas evolved at Worcester, Massachusetts : 





«^ 








1 


• 

O 






!ij 


dJ 


•S • 




'S3^ 


o 


a 


fj" 


1 


1 

0.76 


O e8 

8 


1 


9 

1 


15" 


5.90 


0.60 


75.18 


17.40 


0.26 
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SHOULD SEPTIC TANKS BE COVERED 1 

When the septic tank first came into 
nse, it was considered necessary that it be 
closed tightly in order to secure eflScient 
action, excluding both air and light. The 
following table, from the Manchester re- 
ports, shows that there is no particular 
advantage in a tightly closed septic tank . 
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Table No. 14. 

Oomparatlve Analyses of the Bfllnente from 
Olosed and Open Septlo Tanks. 



WeekEndinff 


Effluent from Open 
Septic Tank. 


Effluent from 

Olosed Septic 

Tank. 






Oxalna per Gallon. 


Onins per OaUon. 


July 12, 1899 


0.25 


0.30 


" 19, " 


0.22 


0.31 


" 26. *« 


0.24 


0.35 


Aug. 2, " 


0.21 


0.3^ 


u 9^ u 


0.23 


0.31 


" 16, ** 


0.22 


0.27 


" 23, " 


0.19 


0.30 


•• 30, " 


0.22 


0.34 


Sept 6, ** 


0.21 


0.25 


ti 13^ a 


0.26 


0.305 


Average 


0.22 


0.301 



Similar experiments have been made by 
the State Board of Health of Massachu« 
setts, with the following results : 



Table No. 15. 

AvaraBa AnftlyseB of SewKse Bntorlns Mid 
BSnenta bom Open and OloBed Baptlo Tuika. 
(Tart* per 100,000.) 
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t. 




1 


Albliminoia, 
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1 
1 

(<) 


(a> 


<1) 


_!^ 


(B) 


6ein«e entering tuili. 





BMaentefopeiHaTik. 


3.93 


o.as 


o.!a 


o.n; 


1.6B 


2.M 


414.000 


Effliionl Df clofrf iBot. 


..BH 


0.34 


i.as 


'■'■' 


7,.a 


!l.l2 4ia,«)0 



As the result of these experiments, open 
septic tanks have been tried in many 
places, and provided that care is taken to 
properly suhmei^ inlets and outlets, and 
to have the tanks constructed with effi- 
cient scum boards, the solids are liquefied 
as thoroughly as in a closed tank. 

THE NECESSITT FOB DETRITUS TANKS. 

Analyses show that even in very pure 

waters there is a small amount of sub- 
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pended mineral matter, which when the 
proper conditions obtain, may be expected 
to settle to the bottom as sediment. In a 
septic tank, a portion of the organic mat- 
ter settles to the bottom, carrying with it ' 
a considerable part of the suspended min- 
eral matter. It is evident then, without 
special discussion, that in the course of 
time a septic tank would fill up with in- 
soluble mineral matter. In order to pre- 
vent this, the sewage should be passed ~ 
through a detritus tank, which is merely a 
small tank with a screen at the far end, 
from which this mineral matter may be 
removed by a scraping tool. Or the tank 
may be made in dupHcate, so that one tank 
may be thrown out of use and cleaned, 
while the other is in use. 

THE BOYAL COMMISSION ON SEWAGE 

DISPOSAL. 

In May, 1898, Queen Victoria issued a ' 
Commission to report (1), What method 
« « of treating and disposing of sewage 
• • • • may be adopted • with due 
regard for existing law, for the protec-^ 
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tion of pubHo health and for the economical 
and efficient discharge of the duties of the 
local authorities; (2), If more than one 
method may be adopted, by what rules in 
relation to the nature and volume of sew- 
age, or the population to be served, or 
other varying circumstances or require- 
ments, should the proper method of treat- 
ment and disposal to be adopted be deter^ 
mined. This Commission was also empow- 
ered to make any recommendations which 
may be deemed desirable in reference to 
the treatment and disposal of sewage. The 
Commission are investigating the bacterial 
purification of sewage in all its phases and 
its report already fills five volumes, with 
others to be issued. In their Interim Re- 
port, published in 1901, it is stated that 
the following classification will serve to 
show the nature of the artificial processes : 

** Olosed Beptio tank and contact beds. 
« Open septic tank and contact beds. 
<<*Ohemioal treatment, subsidence tanks and 
oontaot beds. 

* The •xpresalon ** snbsldenoe tanki " i» intended to de- 
note tanks which are used in each way that little or no 
*< ifptic " action is produced. 
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" Subeidenoe tanks and contact beds. 

' ' Contact beds alone. 

'* Closed septic tank followed by oontumoos fil« 
tratioii. 

'* Open septic tank fpUowed by continaons fil- 
tration. 

'* Chemical treatment, sabsidenoe tanks and con- 
tinuous filtration. 

*' Subsidence tanks followed by continuous fil- 
tration. 

*' Continuous filtration alone.*' 

The first conclusion of this Commission 
is as follows : 

*' We doubt if any land is entirely useless, but in 
the case of stiff clay and peat lands, the power to 
purify sewage seems to depend on the depth of the 
top soil. 

*' There are, of course, numerous gradations in 
the depths of top soil which are met with ia 
nature, and it is not easy to draw the line between 
lands which contain a sufficient depth to justify 
their use, and lands which do not. 

'* We are, howeyer, forced to conclude that peat 
and stiff clay lands are generally unsuitable for the 
purification of sewage, that their use fear this pur- 
pose is always attended with difficulty, and that 
where the depth of top soil is very small, say six 
inches or less, the area of such lands which would 
be required for efficient purification would in cer« 
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tain cases be so great as to render land treatment 
impraoticable.'* 

The second conclusion is : 

*' After carefully considering, however, the whole 
of the eyidence, together with the results of our 
own work, we are satisfied that it is practicable to 
produce by artificial processes alone either from 
sewage, or from certain mixtures of sewage and 
trade refuse, such, for example, as are met with at 
Leeds and Manchester, effluents which will not 
putrefy, which would be classed as good according 
to ordinary chemical standards, and which might 
be discharged into a stream without fear of creat- 
ing a nuisance. 

<*We think, therefore, that there are cases in 
which the Local Goyemment Board would be jus- 
tified in modifying, under proper safeguards, the 
present rule as regards the application of sewage 
to land. 

''No general rule as to what these safeguards 
should be can be laid down at present, and indeed 
it will probably always be necessary that each case 
should be considered on its own merits." 

The third conclusion of the Commission 

is: 

' * We consider it of the utmost importance that 
the simplest possible means should be provided for 
adequately protecting all our rivers, and we are 
further of opinion that it will be desirable, prob« 
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ibly for some time to oome, that seientiflo experi- 
ments should be carried on in order to ascertain all 
the real dangers of pollution, against which they 
should be protected. 

*< In the present state of knowledge, and especi- 
ally of bacteriology, it is difficult to estimate these 
dangers with any accuracy, and it seems quite 
poeinble that they should be either exaggerated or 
underyalued according to the predisposition of 
those who have to deal with them. An authority, 
guided by medical considerations, might not un- 
naturally be inclined to insist on a degree of purity 
which may ultimately prove in certain cases to be 
tincalled for, while another authority, with its 
mind fixed upon economy, might shrink from 
taking essential precautions. 

'*It is, perhaps, scarcely for us to say what 
arrangements should be made, but we are of the 
opinion that the general protection of our riyers is 
a matter of such grave concern as to demand the 
Creation of a separate commission, or a new depart- 
ment of the Local Gtovemment Board, which shall 
be a Supreme Bivers Authority, dealing with mat- 
ters relating to riyers and their purification, and 
which, when appeal is made to them, shall haye 
power to take action in cases where the local 
authorities haye &iled to do so.*' 
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OXIDATION OP STERILE SEWAGE. 

In the second report of the Royal Com- 
mission on Sewage Disposal, there is a 
paper on The Oxidation of Sterile Sewage, 
the object of the experiments being to de- 
termine whether or not, when sterile sew- 
age is exposed in thin films to the air, any 
change takes place. The conclusion is 
that the oxidation of sewage containing no 
bacteria is very slow, or that the chemical 
oxidation due to oxygen in the atmosphere 
is inappreciable. 

DESCRIPTION OP THE WORKS AT 
BARRHEAD. 

Sewage disposal works designed for a 
population of 10,000 people, contributing a 
dry weather flow of sewage and storm 
water of 400,000 Imperial gallons per day, 
with provisions for dealing with larger ex- 
ceptional quantities, have been constructed 
at Barrhead, Scotland. They consist of 
two grit chambers, four septic tanks and 
eight aerating bacterial filters, all built of 
concrete. Each septic tank is 100 feet 



90 



long, 18 feet wide, and 7 feet deep, roofed 
by concrete arches on steel joists with 
brick piers. 

The dry weather capacity is 312,000 
Imperial gallons, but in periods of storm, 
allowance is made for a rise of eighteen 
inches, which gives an additional capacity 
of 70,000 Imperial gallons. Each filter is 
55 feet by 54 feet in area, with 4 feet 
depth of clinker. The total filtering area 
is 2,640 square yards. The practical 
working of these filters is as follows : 

The effluent from the septic tank is sup- 
plied to one filter at a time and distributed 
over the surface by a system of stoneware 
distributing channels. The discharge 
channel is closed, so that the interstices of 
each filter become filled with the septic 
tank effluent. This effluent remains in 
the filter for one and one-half hours, dur- 
ing which time the dissolved impurities are 
oxidized by the bacteria attached to the 
filtering medium. The discharge valve 
is then opened, whereupon the filtered 
effluent escapes, drawing down a supply 
of air into tiie interstices of the filter. 
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The filter is then left to drain and aerate, 
while the other filters are filled in turn, 
after which the first filter is again filled. 
The opening and closing of admission and 
discharge valves is automatic, being ef- 
fected by the overflow of a small quan- 
tity of the effluent. 

THE WORKS AT SUTTON, ENGLAND. 

In the works at Sutton, the sewage first 
passes through a sieve which removes 
large pieces of floating matter, which 
would otherwise be retained on the top of 
the bed instead of penetrating it, and, 
therefore, obviates any danger of clogging 
the surface. In the case of a town sew- 
ered on the combined principle, provision 
should be made for intercepting the detri- 
tus from roads, which otherwise would 
enter the beds, steadily diminishing their 
capacity, as well as preventing free aera- 
tion. For ordinary sewage no other pre- 
Uminary treatment is necessary. 

The screened sewage is then passed into 
a coarse grained bacteria bed consisting of 
a tank, either built or formed by excavat- 
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ing the ground, filled with coke, burnt bal* 
last, broken brick or clinker or other suiir 
able material, which will pass through a 
3-inch ring, aad from which all the finer 
part has been removed. Material of the 
size of walnuts has been found satisfac- 
tory. This bed is provided with means 
for preventing the sewage from always 
entering at the same place. It is also un- 
derdrained with agricultural drain pipes, 
laid with open joints. It is provided with 
the necessary inlet and outlet valves. 

The sewage flows into such a bed until 
the water level has nearly reached that of 
the bed material. The inlet valve is then 
closed and the bed allowed to stand dur- 
ing two hours, the sewage in the mean- 
time being turned upon an empty bed. If 
too long a time is allowed, there is danger 
of anaerobic bacteria developing at the ex- 
pense of the serobic. During this period 
the suspended matters are deposited and 
liquefied. The organic matter in solution 
is also attacked and considerably oxidized. 
The bed is then emptied upon another 
filled with finer grained material and 
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another resting period allowed. In this 
second bed any suspended solids that may 
have escaped the coarse bed are arrested, 
either liquefied or rendered soluble, and 
oxidized, while the purification of the dis-- 
solved matter proceeds a stage further. 
In case a high degree of purity is essen- 
tial, as when the effluent goes into a town 
water supply, a third treatment on another 
bed may be given, the material of the bed 
being again finer than before. Usually^ 
for the third bed, coarse sand is used. 

The work of a bacteria bed is not fin- 
ished when the effluent has been dis 
charged. The sludge still remains of 
which only a portion will have been lique- 
fied while the bed was f ulL As the water 
is withdrawn air follows into the bed, fill- 
ing the interstices, and furnishing the 
lerobic bacteria with conditions necessary 
for BBrobic reproduction — that is, they have 
food, moisture, oxygen, darkness and an' 
equable temperature. The deposited or- 
ganic, matters are rapidly attacked and in 
», short time :the bed is ready for another 
charge. 
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THE LIQUEPACnON OF SLUDGE. 

As stated in an early chapter, the credit 
for applying practically the knowledge 
that certain organisms have the power of 
/liquefying organic matters is, by general 
consent, awarded to Scott-Moncrieff, who, 
in 1891, liquefied the sewage from a house* 
hold of ten persons. In testimony before 
the Royal Commission on Sewage Dis* 
posal, he states that the building of a new 
house afforded the opportunity for maJring 
experiments upon a practical scale. He 
had long been convinced that nature was 
capable of deahng with the waste products 
from man and animals, and that sup- 
plementing her methods would enable one 
to deal with special problems of sewage 
disposal without the necessity of using 
chemicals. He states that he had been 
impressed with the rapid liquefaction of 
the organic waste products in long lengths 
of sewers. 

In the experimental installation at Ash- 
tead, MoncriefE constructed a bacterial 
tank, into which the crude sewage was 
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admittod from below, gradually passing 
upward over tlie surface of a bed of 
stones. After trying various material, 
he found that flints were the best, because 
they were stable and did not change after 
placing. In this experimental plant the 
liquefaction of the solids was so effective 
that the entire sludge of ten persons was 
absorbed on nine square yards of land, 
causing no distinction between the soil 
and that surrounding. This action had 
continued for seven years. The space be- 
neath the undergrating of the tank had 
less capacity than five cubic feet, and 
would obviously have soon filled up but 
for the liquefying action taking place. 

The author of this system states that he 
found it necessary to keep back all grease, 
in a properly constructed grease-trap, be- 
cause grease interfered with the operation 
by mechanically arresting the whole pro- 
cess. The organisms seemed quite in- 
capable of carrying on their work in a 
greasy medium. 

Later on, with the object of obtaining 
an oxidized effluent, the tanks were da- 
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plicated and used alternately, with periods 
of aeration and rest. These tanks gave a 
clear effluent, but without nitrification, but 
that the liquid was ready for oxidation 
was proven by passing the effluent into a 
small brook, the water of which became 
clearer below the discharge than above it. 
Afterwards, Scott-MoncrieflE constructed 
a tank with trays and air spaces, which 
performed the operation of successfully 
oxidizing sewage, and for a description of 
which reference may be made to any good, 
recent work on sewage disposaL Volume 
II of Evidence before the Royal Commis- 
sion on Sewage Disposal, may also be con- 
sulted for the views of Scott-Moncrieff 
himself. 

EEDUCnON IN THE NUMBER OF BACTERIA 

IN A BIOLOGICAL EFFLUENT BY 

MEANS OF FILTRATION. 

The Boyal Commission on Sewage Dis- 
posal caused experiments jyo be made on 
this point, with the following results : 

The experiments, consisted in passing, at 
a definite , rate, abiQldgical effluent of 
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known bacterial impurity, through four 
feet of sand, and in daily analyzing the 
filtrate and in noting the reduction both in 
the total number of bacteria and in bacil- 
lus coli communis and in bacillus erUeri' 
tidis sporogenes. The experiments were 
subsequently extended to ascertain 
whether if £aciUua prodigiosus and 
. BadUtis pyocyaneus were placed in the 
cM)iological effluents supplying the filters, 
J r- ^ they would appear in the filtrate, and, if 
^ ^>«o, how soon after filtration this would 
^ ^ >&cour, and also when they would disappear 
^ M^again. Experiments were made with the 
^ \^£aciUus typhosus in a similar manner. 
The following are the general conclusions 
of the Commission : 

''When an effluent oontaining npon an ayerage 
800,000 bacteria per cubic centimeter and 10,000 
BaeSUus eoli per cnbic centimeter is paosed throngk 
a depth of four feet of soil at a slow rate (tiz., be- 
tween 10 and 4 liters per 12 hours), there is a yery 
great reduction In the total number and in the 
BaeiUus eoU, and the chance of a yery pathogenic 
bacterium like the BadUut tj/photus appearing in 
the filtrate must be exceedingly small. 

**When it is rrmonibfrril thnf_[innnn11j the Boj- 
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eHhu typhoius is not present in the excreta of all 
oases of typhoid, whilst Bacillus eoh is always 
present in the f^teces, and that the proportion of 
typhoid cases to the total nmnber of the population 
is not large, that typhoid excreta are usually disin- 
fected, and that it has not been shown that favor- 
able conditions exist in sewage for the multiplica- 
tion of the typhoid bacillus, it appears evident that 
land or other method of efficient filtration must 
totally remove this organism from a Dibdin efflu- 
ent, did it happen to be present 

"In the expeximents, the BaeiUus ty^^tfus was 
mixed with the effluent flowing on to the filters in 
ftur larger proportion than would ever occur in 
nature, and yet it could not be found in the 
filtrate." 

FILTRATION BY PERCOLATING FILTERS. 

The first experiments on continuons 
filtration, or, preferably, by percolating 
filters were those of Lowcock in 1892, 
and Col. George E. Waring in 1894. In 
the Lowcock experiments, it was at- 
tempted to purify crude sewage by forcing 
air into a gravel or broken stone filter. 
They were not successful. Percolating 
filters, as used in England, do not gen- 
erally attempt to treat crude sewage, but 
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only sewage that has first been acted upon 
by ansBrobio bacteria. They depend for 
efficiency of operation on openness of 
construction and the applying of the par- 
tially purified sewage in the form of spray. 

Perhaps the most interesting experi- 
ment on percolating filters is the plant re- 
cently completed at Salf ord, England. At 
this plant the sewage of a city of 250,000 
inhabitants, with a dry weather flow of 
sewage of over 8,000,000 Imperial gallons 
per day, is to be treated by this method. 
The sewage is first treated chemically, 
after which the clarified sewage is run 
through roughing filters filled with gravel, 
at the rate of 400 gallons per square yard 
per day, the rate to be increased up to 
16,000,000 gallons in stormy weather. 
Prom the roughing filters it is delivered 
to an 8Brated bed, 500 bed long, 510 feet 
wide and 10 feet deep, filled with fine 
cinder. 

After passing through various pipes, 
the detail of which is not interesting here, 
the sewage is run out upon the cinder bed 
through ^-inch sprays. This bed is thor- 
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dering points of observation within easy reach of 
one another. 

** (4). It receiyed the whole of the sewage of 
the town of Shrewsbury." 

Some of the practical questions investi- 
gated were as follows : 

'*(!). "What happened to the intestinal bacteria 
when they passed into the river ? 

*^ (2). How far down the river were they car- 
ried and what was the evidence of multiplication ? 

'^ (3). Did they accumulate and multiply in the 
mud of the river ? 

*^ (4). At what distance below the source of the 
pollution was it safe to drink the water ? 

^'(5). What was the simplest and most rapid 
means of detecting intestinal bacterial pollution in 
the river? 

** (6). What, if any, is the effect of the seasons 
npon the bacteria of the Biver Severn ? '* 

The following are the conclusions as to 
the study of the River Severn, which ex- 
tended from November; 1899, to February 
1901: 

<< (1). That the BoudUys eoU is a most reliable 
test of pollution. 

<* (2). That the Bacillus eoU is normally absent 
in one cubic centimeter quantities of water taken 
from the Yymwy watershed of the Biver Severn. 
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*^ (3). That when the BoGiUus coU is present in 
a small stream, contamination from honses can be 
traced. 

* ' (4). That small land drains are comparatively 
free from BadUiu eoH, 

** (5). That the small streams running into the 
Severn often contain considerable quantities of the 
BaciUus coli due to contamination from proximity 
to hou'^es. 

'* (6). That the sewage of Shrewsbury causes a 
very great increase in the number of Bacillus coli 
in the river, and that sixteen miles lower down the 
effect of pollution can still be detected by the num- 
ber of Baoillus coli present. 

** (7). That there is no evidence of the multi* 
plication of the Bacillus coU in the river water. 

*^(8). That the BaciUus coli is present in con- 
siderable numbers in the mud of the Severn in the 
polluted area, and that this mud may be the means 
of keeping up and extending pollution, but that 
there is no evidence of the multiplication of the 
BaciUus coli in the mud. 

''(9). That there is comparison between total 
numbers of the bacteria and the BaciUus coU, but 
the relative proportion of the numbers of the lat- 
ter to the former is small. 

*\10). That differences occur between the 
number of Bacilli coli in superficial and deep sam- 
ples, and samples taken near the banks and in. 
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stagmmt bays, and that therefore crosB-section 
aamplea should always be taken. 

*'(11). That sedimentation and side adhebion 
to the banks of the solids in soflpension take place, 
and that at places in the bed of the riyer, anaBrobic 
f ennentation occurs, whilst along the backs, especi- 
aOy in the wind and water line, sBrobic bacteria 
actively help to destroy the organic matter. 

' * (12). That certain places in the river are very 
deep, and that these act as catch pits, that the 
stream in these places is sluggish, and that sedi^ 
mentation is favored. 

*' (13). That in the destmction of organic mat- 
ter, whether solid or in solution, whilst the bacteiia 
take the greatest share, help is also rendered by 
the protozoa and higher forms of animal life, by 
the sewage fungi, the chlorophyll containing pro- 
tophytes, and the river plants. 

' ' (14). That the Sphaerotiltis rustans is a test cf 
sewage pollution, and that it is a purifier of sewage. 

'* (15). That there is no evidence to show that 
X>athogenic bacteria multiply in either the water or 
mud of the river. 

'* (16). That seasonal vaj*it^ons in the number 
of bacteria occur, but taking theBacUltiS coli as the 
test for pollution, that the number of this organ- 
ism is dependent upon the numbers present in the 
sewage entering the river, and that when the river 
is swollen and muddy the number is small, owing 
to iscreased dilution, and that when the river is 
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low the number is large, owing to the lesser degree 
of dilation which the sewage undergoes when it 
enters the river. 

**(17). That the effect of dilution of the river 
upon the sewage of Shrewsbury is most marked. 
That the average maximum number of BacUlus 
eoli in the river is only 600 per cubic centimeter, 
which is much less than in an average Dibdin efflu- 
ent, whilst a short distance below pollution the 
n-omber decreases very considerably. 

*'(18). That there is a relationship between 
chemical and biological analyses. 

•*(19), That the River Severn is a good ex- 
ample of a river which it would be difficult to class 
either as a potable or non-potable stream. 

'* (20). That what has been described in this 
report upon the effects of allowing crude sewage to 
enter the River Severn is also applicable to biologi- 
cal effluents. Crude sewage is an example of the 
worst form of pollution, the effluents from biologi- 
cal methods of treatment examples of a lesser de- 
gree of contamination, because the solids in suspen- 
sion in the latter are far less in amount and are in 
a fine state of division, and the number of the 
BadUui eoU is sxnaller." 
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THE LONGLIVITY OP BACILLUS TYPHOSUS 
IN SEWAGE AND SEPTIC EFFLUENTS. 

The Boyal Commission on Sewage Dis- 
posal haying shown that the final effluent 
from the various biological methods of 
sewage treatment very often contain the 
BacUlus coli in large numbers, the ques- 
tion naturally occurs whether, if the BacU- 
lti8 typhosvLS found its way into bacterial 
beds, it would survive and passing into the 
effluent, constitute a danger. This matter 
was reported upon by Dr. Alfred MacCon- 
key, who calls attention to the fact that 
the BactUiis cdi tends to die out both in the 
earth and sand composing filters and 
in the water and mud of the Eiver Severn. 
Once outside of the alimentary tract, the 
BacUlus coli is not in the most suitable en- 
vironment for its multiplication and the 
innumerable coarser bacteria of purifica- 
tion in their rapid multipUcation, use up the 
food materials and produce products, which 
in all probability, result in injury to the more 
sensitive Bacillus cdi. If in this struggle 
for existence, the Bacillus cdi is outdis* 
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tanced by the coarser bacteria and soon 
perishes, there is still more reason why the 
bacillus of typhoid should not long survive 
outside the alimentary tract. The reason 
for supposing this is that it has been 
shown that the BamUus typhi adominalis is 
much more sensative than the BacUlm coli 
to certain reagents, and that even the slight 
acid reaction of the potato retards its 
growth, while the BacUlus coli grows lux- 
uriantly. 
^ Some of the more interesting conclu- 
sions of this study are as follows : 

(1). In the case of crude sewage inocu- 
lated with BadUiAS typhosus, it may be con- 
cluded that the organism will die out 
rapidly. The same thing is also true of 
partially sterilized crude sewage. 

(2). In an open septic tank effluent, in- 
oculated with BadUus typhosus, in the first 
experiment the organism was recovered 
after fifteen days, but not after ten days 
in the second experiment This medium 
is more favorable to the Bacillus typhosus 
than an untreated open septic tank ef- 
fluent. 
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(3). In the effluent from a Dibdin bed, 
partially sterilized, the Bacillus typhosus is 
capable of surviving as long as in an open 
septic tank effluent, having been recovered 
at the end of fifteen days. 

(4). In either a partially sterilized or 
untreated Cameron effluent, the BacilltiS 
typhosus appears to die out more quickly 
than in the other fluids used. In the case 
of a partially sterilized Cameron effluent, 
there were 8,000,000 BaciUi typhosus per 
cubic centimeter at the commencement of 
the experiment, but these had decreased to 
less than 3,000 per cubic centimeter in six 
days and to less than 30 per cubic centi- 
meter in ten days. In the case of a Cam- 
eron effluent, untreated, the number of 
BaciUi typhosus, at the beginning of the ex- 
periment, was 12,000,000 per cubic centime- 
ter, and none were recovered at the end of' 
six days. 

(5). As a final conclusion, it may be 
stated that the fluids experimented with 
are inimicable to the growth of the BacU- 
lus typhosus and if these bacilli find their 
way into a bacteriological system of treat- 
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ment, they meet with conditions hostile to 
their multiplication. 

THE SEWAGE FUNGUS AND ZOOGLEA 

MASSES. 

The sewage fungus has been long recog- 
nized as an indicator of sewage contami- 
nation. It was studied by the Royal Com- 
mission on Sewage Disposal in the Atcham 
Brook, in the River Alt and at Dewsbury, 
Leeds and Birmingham. 

The fungus is a gelatinous, cottonwool- 
like and wavy white and reddish growth, 
which is found in shallow water, on stones, 
lining drain pipes, attached to water plants 
and debris. It has also been found in a 
urinal. Quantities are often seen in the 
streams of sewage farms and in small 
brooks and drains found in the vicinity of 
houses and villages in the country. At- 
Dewsbury it was seen in the mouth of the 
main effluent from the sewage farm, where 
in a bright effluent, the tufts of fungus 
were long and rusty, owing to a deposit of 
oxide of iron. This form of fungus was 
identified as Leptomitiis lactem. At Bir- 
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mingham it was encountered in great quan- 
tities in the stream receiving the effluent 
from the sewage farm. In the Atcham 
Brook the growth was white and the tufts 
wavy and very gelatinous, and the brook 
was completely choked by it. A bacter- 
iological examination showed that this 
stream contained 19,000 Bacilli cdi per 
cubic centimeter. It was found that with- 
in a short distance a sewer from the 
Atcham workhouse was connected with 
the brook. The variety of fungus found 
in Atcham Brook was SphaerotUus natans. 

Although classed under the head of 
sewage fungus there are certain distinct 
growths which may be placed among the 
highly developed forms of bacteria. There 
are also various bacteria zooglea masses, 
which may assume a branching appear- 
ance like a sewage fungus. The appear- 
ance of typical fungus is sometimes caused 
by extensive growths of a protozoon, the 
Carchesium lachmannL 

In crude undiluted sewage a skin-Uke 
growth may form at the sides of the con- 
duit in contact with the air, or at those 
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points where the crude sewage passes 
over a lip. This growth consists of club- 
shaped zooglea masses of bacilli and from 
observations at Leeds there appears evi- 
dence that the zooglea masses tend to form 
sulphur from the dissolved sulphureted 
hydrogen. Green alga9 may also develop 
in sewage polluted water, and when they 
do so, they may, with sewage fungus and 
bacteria, play a direct part in purifying 
polluted water.* 

FLORA OP THE EIVER SEVERN AND THE 
SHARE IT TAKES IN PURIFICATION. 

In the report of the Royal Commission 
on Sewage Disposal, it is remarked that 
the relationship of plant life to the purifi- 
cation of streams is a matter of practical 
interest, and that accordingly a survey of 
the plants growing in the River Severn 
and along its banks, has been made in 
order to ascertain the share they take in 
cleansing the river. 



• 8m On tbe Fresh Water Algie and their Belation to the 
Pultir of PubUo Water Supplies Trans. Am. Soc. 0. £., 
Vol. XXI, p. 483, (1589). 
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Along the wind and water line there is 
a zone covered Mrith Euglenaj OsciUatoricce 
and Closteriunij together^ when the water 
is polluted, with other protophytes. The 
polluted mud also harbors much animal 
life, Niais being abundant. This worm 
has reddened the mud of the Thames and 
it is abundant in Dibdin effluents. It 
swarms on Leptomitus and Sphaerotilus, 

The submerged banks support in the 
deeper parts, Potamogeton perfoliattiSy Po- 
tamogeton natans, Zostera, Myriophyllum 
verticiUatum and Ranunculus aquatica, 
and in the shallower parts, the Sedges, 
Alisma, water Grasses and Willows. The 
services which these aquatic plants render 
a polluted river are very great. After 
passing through a mass of them, the water 
is appreciably brighter and cleaner, and it 
is only necessary to vigorously disturb a 
patch in order to give the water the muddy 
appearance which it has in flood time. 

The aquatic plants give ofE great quan- 
tities of oxygen in the presence of sunlight. 
Hence, the quantity produced by the mass- 
es of water Eanunculns in the River Severn 
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must be large. These will probably mate- 
rially assist in neutralizing the harmful fer- 
mentations which take place in the more 
highly polluted parts of the river. Micro- 
scopical examination of the matter adher- 
ing to aquatic plants reveals the presence 
of numerous protophytes, protozoa and 
bacteria. 

It is a very fortunate feature that in 
summer time, when the dilution is less, 
and when putrefaction is much more 
active, the harmful effects of bacterial 
activity are neutralized by the growth of 
these aquatic plants. But in the River 
Severn, at any rate, this action, while im- 
portant, is not complete. 

ANTHRAX IN THE SEWAGE OP YEOVIL, 

ENGLAND. 

The Royal Commission on Sewage Dis- 
posal have given, in their second report, 
an account of the presence of anthrax in 
the sewage of the town of Yeovil, En- 
gland. As this is an exceedingly interest- 
ing case, we will refer to some of the more 
interesting points. 
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An experimental septic tank and coke 
beds was installed at Yeovil, where the 
sewage has the reputation of being ex- 
cessively foul, due to the large proportion 
of trade refuse present in it. This trade 
refuse is derived from twelve hide fac- 
tories, together with three breweries. 
Samples of the septic tank liquid vere 
collected on March 22, 1901, which were 
found to yield cultures of pure anthrax. 
The inoculation of guinea pigs resulted in 
their deaths on the sixth and seventh 
days. In the second experiment only two 
cubic centimeters were injected. 

Sludge from the septic tank was collect- 
ed on the same date, and guinea pigs inoc- 
ulated, who died on the third and fourth 
days. Examination showed that their blood 
was teaming with the Bacillus anthrax. 

On April 12, 1901, a sample of coke in 
one of the coarse beds was taken up from 
a depth of about one and one-half feet and 
placed in a wide-mouthed stoppered bot- 
tle. Thirty-six cubic centimeters of sterile 
water were added and the bottle vigor- 
ously shaken. The first two experiments 
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were negative, but in the third experimentr 
one cubic centimeter was used to inocu- 
late subcutaneously a guinea pig. The 
animal died on the fourth day and BaciUus 
anthrax vrsi& found present in the blood and 
organs. 

Samples of the coke in one of the fine 
beds was also collected at the same time, 
and, after placing it in a wide-mouthed 
stoppered bottle, sixty-two cubic centi- 
meters of sterile water were added. One 
cubic centimeter of the surface liquid was 
injected subcutaneously into a guinea pig, 
which died on the second day. Its blood 
and organs were found to contain the 
BaciUus anthrax. The Bacillus anthrax waa 
also found in the mud and banks of the 
River Yeo and Yeo Brook. 

As the result of these experiments the 
Yeovil authorities have made preparation 
for a final treatment on land. 

THE SUBCUTANEOUS INOCULATION OP ANI- 
MALS WITH CRUDE SEWAGE AND 
WITH EFFLUENTS. 

During 1898 and 1899, Dr. A. C. Hous- 
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ton carried out a research on the subcu- 
taneous inoculation of animals with crude 
sewage and with effluents. The following 
is a brief summary of some of the results, 
as abstracted from the report of the Royal 
Commission on Sewage Disposal : 

(1). The subcutaneous injection of crude 
sewage frequently produced death in from 
twenty-four to seventy -two hours. Some- 
times the effluent from coke contact beds 
was found to be more pathogenic than raw 
sewage, but usually a larger dose of efflu- 
ent than of crude sewage was required to 
produce a fatal effect. 

(2). If the injection of crude sewage or 
effluent is not followed by fatal results 
"within the first few days, the animal may 
occasionally die after a lapse of some 
weeks from pseudo- tuberculosis. 

(3). When the animal dies rapidly, viru- 
lent microbes may readily be isolated from 
the blood or tissues of the animal. 

(4). If the crude sewage or effluent be 
previously heated to 100° C. for one hour, 
large doses may be injected without pro- 
ducing a fatal result. 
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(5). If the crude sewage or effluent has 
been previously heated to 80° C. for ten 
minutes, a pathogenic effect may still be 
produced, but a larger dose is required 
than when the liquid has not been heated. 

(6). If the crude sewage or effluent be 
filtered through^a sterilized Pasteur filter, 
very large doses fail to produce a patho- 
genic effect. 

It may, therefore, be concluded that 
sewage must always be regarded as a 
liquid potentially dangerous to health, and 
that sewage effluents, which resemble 
sewage in their biological composition, 
must be considered harmful. 

THE PERCENTAGE OP VOIDS IN BROKEN 

STONES. 

Experiments as to the voids in broken 
stone may be found recorded at pages 
336-7 in a report dated April 1, 1894, in 
Appendix. E of the Report of the State 
Engineer and Surveyor of New York for 
that year. 

Pour qualities of stone were experi- 
mented upon — Genesee shale, a limestone 
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from Ridge quarry, and a Portage sand- 
stone from Portage and Nunda. There is 
very little difference in the quality of these 
two latter stones. 

Genesee shale gave as a mean of five 
determinations, the voids at 38.3^, but, 
when packed in a box with a tamping 
iron, the mean was 31.6%. 

The stone from Ridge quarry was a hard, 
compact Umestone. The mean of five 
trials, slightly shaken, was 46.2^, and the 
mean of five trials with stone packed, was 
38.6%. 

The mean of five trials of the Portage 
stone, slightly shaken, was 43.3;^, while the 
mean of five trials of Portage stone 
packed, was 37.4^. The stone from the 
quarries at Nunda gave very nearly the 
same results as those at Portage. 

These stones were all hand-broken to 
pass through a two-inch ring, and were 
free from dust and fine chips. 

Coke, as used in filters, has probably a 
larger percentage of voids than broken 
stone, but experimental evidence on this 
point is not at hand. 
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VELOCITY OF FLOW IN A SEPTIC TANK. 

The size of the installation will depend 
upon the velocity of flow through the 
septic tank, and velocity of flow, therefore, 
is directly related to the initial cost. The 
following tabulation shows the velocities 
in the Manchester and Leeds experiments : 



Town, 


Length. 


Width. 


Depth. 


MancheBter tankn 


Feet. 
300 


Feet. 
100 


Ft. In 
6 


Leeds *< 


100 


60 


7 7 



Contents. 

Imp. Qalions. 
1,125,000 

250,000 



If we assume that each tank is to be 
filled once in twenty-four hours we obtain, 
at Manchester, a velocity of 2.5 inches pep 
minute, and at Leeds of 0.84 inch per min- 
ute. This means that in the Manchester 
experiments the velocity would have been 
three times as great as in the Leeds exper- 
iments. It is clear, therefore, that if the 
composition of the sewage of the two towns 
was identical, the results in the removal of 
suspended matters could not have been 
identical. We may conclude, therefore, 
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that the velocity to be employed in a septic 
tank should not be expressed by the length 
of time the sewage remains in the tank, but 
should preferably be expressed by some 
linear measurement in a stated time, as in 
inches per minute. Without discussing 
why, we may say that the depth and breadth 
of the tank should be such that the flow 
of sewage through it should not exceed 
one inch per minute. The following table 
shows the rate of flow, as well as the depo- 
sition of the suspended matters in the sep- 
tic tanks as used at Exeter, Manchester 
and Leeds. This table shows a very large 
proportion of reduction of the sludge in 
septic sewage is due to the sludge flowing 
away in the efiluents. This is a very im- 
portant point. In examining the septic 
sewage disposal plants at Plainfield, New 
Jersey J Liberty, New York; Rockingham 
County, New Hampshire Poor-farm, and a 
private plant at Milton, Massachusetts, in 
the fall of 1902, this fact was markedly 
brought out. In all these plants, a large 
quantity of sludge was passing away in the 
effluent. At Plainfield and Liberty, this 



121 

was true even in the final effluent from 
double filtration through contact beds. 

Table No. 16 

Septlo Tank Experiments Showing Bate ox 
Flow and Deposition of Suspended Matters. 



No. 



(1) 



Name of 
Town. 



Bate of Flow. 



(2) 



3 
4 
6 
6 



Exeter. 



Manchester. 



{( 



Leeds. 



<< 



(( 



o «)H 

ado 



(3) 






w 



1.0 

0.44 

0.56 



0.5 
1.0 
2.0 



0.52 
5.58 
4.44 
1.68 
0.84 
0.42 



Suspended Matters 
in Sewage. 



0) 



73 



(5) 



17 
41 



23 



aver- 
age 

say 



(6) 



39 
22 



33 



28 



qj '^ 



(7) 



37 



44 



0) 

I. 

o 
H 



(8) 

100 
100 
100 
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COST OP SEPTIC TANKS, CONTACT BEDS, &C. 

Only very general figures as to the cost 
of installing biological systems of sewage 
disposal can be given. The following may 
be of interest : 

The cost of septic tank and single filtra- 
tion through a contact bed for seventy-five 
people, at Rochester, N. Y., the filtration 
being at the rate of twenty-four gallons 
per square foot of area per day, was about 
$2,000. It is proper to say that this plant 
was built by day's labor in the winter, and 
under more favorable circumstances would 
not have cost to exceed $1,400 to $1,500. 

A septic tank of capacity of about 
53,000 gallons, for Cuba Village, New 
York, and designed to care for the sew- 
age, alone, by septic tank treatment purely, 
of 1500 people, will not cost to exceed 
$3,400. 

According to the 21st Annual Report of 
the State Board of Health of New York, 
for 1900, the sewage disposal of Canajo- 
harie, N. Y., if constructed with septic 
tank and special filter bed, will cost $13|- 
000, with an annual cost for maintainance 
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and operation of $3,000. CapitaKzing 
$3,000 at 5^, we have $60,000. Adding 
this to the $13,000, we have $73,000, which 
represents the total cost of the sewage 
disposal at this place. If, however, dilu- 
tion is used during the months of heavy 
rainfall, and septic tank treatment only in 
months of light rainfall, we have, as the 
first cost of the works, $6,567, to which 
may be added for interest, depreciation 
and operation, say $800 per year, which 
at 5^, has a capitaUzed value of $16,000. 
Adding this to the $6,567, we have $22,567, 
which represents the total cost of the sew- 
age disposal if dilution is used part of the 
year. The population of Canajoharie was 
2,101 in 1900. 

According to the testimony of Mr. Cam- 
eron, before the Royal Commission on 
Sewage Disposal, the installation at Exe- 
ter, England, cost $2.15 per capita and 
$40 per one thousand gallons treated per 
day. This was on the basis of a popula- 
tion of 47,000, with a maxium dry weather 
flow to be dealt with of 2,500,000 Imperial 
gallons per day. These figures only in- 
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elude the works, such as building of tank 
and filters, grit chambers, the biiildings 
and pen-stalks and valves required for 
regulating the flow. 

The installation at Barrhead is designed 
for a population of 10,000 and a maximum 
quantity of sewage of 400,000 Imperial 
gallons per day. This works out to about 
$59 per one thousand gallons treated. 
Oenerally the smaller the installation the 
greater the cost. 

In illustration of this, at Walingf ord, the 
estimate for a population of 3,000, dealing 
with 90,000 gallons per day, is about $93 
per one thousand gallons treated. 

At Warley, with a population of 500, 
and with 20,000 gallons as the maximum 
quantity to be dealt with per day, the first 
cost is $119 per one thousand gallons 
treated. The maintenance cost in this 
case is 0.66 of a cent per one thousand 
gallons treated per day. 

At St. Budeaux, with a population of 
500, and with a flow of sewage of 15,000 
Imperial gallons per twenty-four hours, 
the first cost comes to about $113 per one 
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thousand gallons and the maintenance 
cost to 0.8 of a cent per one thousand gal- 
lons treated. 

As to the cost of the material for filter 
beds, etc., coke at Rochester, N. Y., costs 
$4 per cubic yard, but in England, judg- 
ing from the testimony of Mr. Stracham, 
it will not cost more than about $2 per 
cubic yard. Clinker, it is stated, cost 
$1.50 per cubic yard. These figures of 
cost are, of course, very general, and are 
understood as general indications only. 

PATENTS ON THE SEPTIC TANK. 

Extensive patents have been taken out 
by Cameron, Commin and Martin, of Exe- 
ter, England, on the process and apparatus 
for treating septic sewage. The Ameri- 
can patent is No. 634,423, dated October 
3, 1899. Cameron and Commin have also 
secured patent on apparatus for automati- 
cally controlHng the delivery of the sew- 
age, of which the American patent is No. 
634,424, also dated October 3, 1899. 
These gentlemen have estabHshed an office 
in Chicago, HHnois, and it is understood 
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have Installed a number of sewage dis- 
posal plants in different parts of the 
country. 

Patents have also been obtained by 
Oarryt D. MitchelL His patent is for a 
combined septic tank and bacterial purifi- 
cation bed, and is No. 580,793, dated April 
13, 1897. There are a number of other 
patents, but the foregoing are the more 
important. 

AUTOMATIC ARRANGEMENTS FOR DIS- 
CHARGING CONTACT BEDS. 

Automatic arrangements for discharging 
contact beds have been very thoroughly 
developed in England, where there are in 
common use for this purpose, ordinary 
siphons, Adams' automatic siphon, Camer- 
on's automatic gear, and Mather and 
Piatt's automatic valve. A number of 
appliances have also been developed in this 
country, but the EngUsh designs are, gen- 
erally speaking, in advance of ours. Au- 
tomatic siphons for this purpose can be 
obtained from The Pacific Flushtank Com- 
pany of Chicago, and Cameron's auto. 
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matic gear can be obtained from tbeir 
agent at Chicago. 

The automatic siphon, coming into action 
as soon as a bed is filled, is the simplest 
arrangement, but the objections to its use 
are that the organisms require to remain 
in contact with the filtering medium for a 
couple of hours. This disadvantage is, 
however, obviated by the use of Adams^ 
automatic arrangement, whereby the sew- 
age rising in one contact bed compresses 
air in a dome, cuts off the sewage from 
this bed and applies it to another. This 
apparatus can be used for keeping sewage 
in a contact bed as long as desired. 

The automatic alternating gear devised 
by Cameron, works as follows : The efflu- 
ent rises in a chamber and lifts a counter- 
poised bucket, which closes a valve divert- 
ing the sewage upon a second filter, at the 
same time unlocking the first bed. 

In the automatic arrangement of Mather 
and Piatt, the outlet of the contact bed is 
kept closed by the weight of fluid pressing 
against a valve. When the bed is full the 
sewage overflows into a tank at the end o£ 
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the long arm of a lever, and after a certaux 
quantity has passed into the tank, the 
weight is suf&cient to open the valve. 
Mather and Piatt also have an arrange- 
ment for feeding beds in regular succes- 
sion, which consists of a tank in which 
there is a large float. This tank is filled 
and emptied by means of a siphon, caus- 
ing the float to rise and f alL Each fall of 
the float turns a shaft one-sixth of a revo- 
lution. This shaft is armed with cams, 
which press upon different levers, opening 
valves supplying different contact beds. 

AS TO THE PREFERABLE BACTERIAL 

PROCESS. 

We have seen in the preceding that 
sewage may be purified either through 
closed or open septic tanks, followed by 
single, double or triple treatment in con- 
tact beds J or by ordinary chemical treat- 
ment, followed by subsidence tanks and . 
contact beds ; or by subsidence tanks and 
contact beds 5 or by cotitact beds, alone j 
or in closed or open septic tanks, followed 
by filtration through percolating filters, or 
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chemical treatment, subsidence tank and 
filtration throngli percolating filters j or 
by subsidence tank followed by filtration 
through percolating filters ; or by filtration 
through percolating filters alone j and the 
question may be appropriately asked, un- 
der what circumstances should one process 
be adopted and when another ? 

In the septic tank the sewage, after be- 
ing freed of the coarser particles in detritus 
tanks, etc., is received in a large chamber, \ 
through which the rate of flow should not \ 
exceed about one inch per minute. In 1 
English towns, where the quantity of sew- 
age does not exceed thirty to forty gallons 
per capita per day, such a construction can 
be made quite economically even with this 
low rate of flow. But in the United States, 
with from eighty to one hundred gallons 
per capita per day, the septic tank be- 
comes, for these low rates of flow, quite 
expensive. The septic tank allows a con- 
siderable portion of the sludge to pass 
away in the effluent, and which again, if 
the rate of filtration is too high, may clog 
contact beds to which it is applied. 
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In contact beds the filtering material 
need not be very carefully graded and 
there is no special necessity for a careful 
distribution of the sewage. Further, con- 
tact beds should be bonstructed with 
water-tight waUs and double contact is 
necessary in order to secure the same re- 
sult in purification as with one percolating 
filter. Double contact beds should be 
made on the basis of one square yard of 
material, 4 feet deep for every 130 United 
States gallons per day of sewage treated. 
One advantage of the contact beds over 
the septic tank is that the operations are 
enough more rapid to permit of two fiUings 
per day, while, as we have seen, the con- 
tents of the septic tank should iiot be 
changed more than about once per day, 
but it should be remembered that the 
content of a contact bed is less than that 
of a septic tank with the same superficial 
area. 

In percolating filters the sewage should 
be distributed by stationary or revolving 
pipes so arranged that the sewage reaches 
the surface of the bed in the form of 



131 



spray. The material of such filters should 
be free from dust and averaging from J- 
|-inch in diameter. 

These filters are less expensive than 
contact beds. The air supply to inter- 
mittent percolating filters may be as much 
as five times the volume of the sewage 
treated, while in contact beds the air 
supply is only equal to about the volume 
of the sewage treated. The effluents from 
percolating filters are, therefore, more 
highly oxidized than in the case of con- 
tact beds. Percolating filters may purify, 
under favorable conditions, nearly 600 
United States gallons per square yard per 
day. 

In order that the spraying apparatus of 
percolating filters may work satisfactorily, 
all the matter in suspension in the sewage 
should be removed before applying it to 
such filters. 

According to Barwise, the greater the 
fall available at the outfall, the more 
should filtration be relied upon. On the 
other hand, with slight fall, septic tanks 
and anaerobic beds should be made of 



132 



larger capacity, leaving as little work as 
possible for shallow filters. The following 
embodies Barwise's complete answers to 
the question, .as given in his Bacterial 
Purification of Sewage : 

'*(!). In the first place, detritiistaDlB and soreens 
should under all ciromnstanoeB be employed. 

'* (2) . Kext, it should be borne in mind that the 
more fall which can be obtained at the outfall 
works, the simpler the purification plant, the more 
thorough the process of sBration, and the easier the 
task of obtaining a good effluent. The outfall 
sewer should therefore be laid with just sufficient 
fall to make it self-cleansing. No fall should, how- 
ever, be wasted. For this reason, it is always ad- 
visable, whenever it is possible, for the outfall 
•ewer to be brought to the outfall works in an em- 
bankment as high above groimd as convenient. 

* * (3). Where there is a large amount of fall at the 
outfall works, say twenty to thirty feet, the sewage 
may be purified by multiple filtration without any 
septic tank, the effluent from the first bed being 
oollected in a tipple or automatic flushing tank, 
and then distributed over a second bed, and 
80 on over a third, the first bed being a coarse 
one and the subsequent filters gradually finer. 
The filters need only consist of heaps of clean 
dinker, etc, without retaining walls, * * * 
the distributors being supported above the filter 
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and the sewage being sprayed all oyer the surface, 
**(4). Where there is a moderate fall, a leptio 
tank, say to hold half the daily flow, and a lateral 
flow bed to hold one-third of a day's flow in conjunc- 
tion with percolating filters, is a scheme which will 
utilize a fall of about ten feet to the greatest 
advantage. When less than ten feet is available 
the capacity of the liquefying portion of the plant 
(septic tanks and anssrobic beds) should be in- 
creased, BO as to lessen the work to be done by the 

filters. 

* * « « • * 

'* (5). When, however, there is extremely little 
fall, say only four or five feet, the maTimum 
amount of purification that can be effected by the 
ansorobic bacteria should be aimed at. The septic 
tank itself requires no fall, nor is a fall wanted for 
an upward-flow filter or a lateral filter. A septlo 
tank should therefore be constructed capable of 
holding at least a day and a half s flow. The efflu- 
ent from the septic tank should also be passed 
through a lateral bed capable of holding half a 
day's flow. The sewage should be admitted to the 
lateral bed through a strainer of fine materiaU 
* * * The effluent from the lateral bed should 
then be conducted to a distributing chamber and 
then either to such a filter as Stoddart's, * «> « 
or by perforated pipes over contact beds, the top 
layers of which for this purpose should be made 
of material from one-fourth to half-inch in size, the 
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rest of the bed being of mfttexial between one- 
qnarter and three-qtiarteTB incli in size. The effln- 
eni rising in the effluent chamber should be utilized 
to work the contact beds in rotation by some such 
mechanism as Cameron's or Adams*. 

"It win benoticed that in this case it is suggested 
that single contact beds, in conjunction with the 
septic tank and a lateral bed, are sufficient, but it 
should be understood that a sufficient area of con- 
tact bed must be proTided, under these circum- 
stances, to work with two fillings a day, and tha^ 
the sewage should be uniformly distributed by per- 
forated pipes or a Stoddart distributor oyer the 
whole surface of the contact bed. By such a 
scheme a satisfactory effluent could be produced, 
although only four or five feet of fall is available at 
the purification works, and by this means the ex- 
pense of pumping could be ayoided. 

** (6). When it is necessary to pdihp the sewage, 
adTftntage should be taken of this fkci to apply the 
sewage hxiermittently to the filters by starting and 
Stopping the pumps or by iKrorking in shifts. To 
enable this to hH done, wherever the engineering 
aspect of the question permits, the sewage should 
be allowed to gravitate through the septic tank or 
ansBrobie bed, both of which require a slow, con- 
tinuous movement of the sewage, and it should not 
be pumped until after it has been screened and 
Hquefied. The motive power used for pumping 
Aiould be also employed for spraying the sewage 
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and making the intermisedons in its application. 
For this reason, if a Shone*s ejector is employed to 
lift the sewage, it should also be used to spray the 
sewage over the filter, as is done at Chesterfield. 

*' (7). Lastly, coarse storm water filters to work 
at the rate of 500 gallons per superficial yard, must 
be constructed in every case; 180 yards superficial 
being provided for every 1,000 inhabitants.'* 

SUMMARY. 

The septic tank, although purifying 
sewage to the extent of 25^ to 40^, cannot 
by itself be used for sewage purification, 
but it may be used as preliminary to 
further treatment on contact beds. The 
number of such beds will depend upon the 
degree of purification required — ^f or a very 
high degree there should be three beds, 
but in many cases, the septic tank, fol- 
lowed by passage through one properly 
constructed contact bed, will be sufficient. 

Sewage may also be purified by passing 
it upon bacteria beds, without preliminary 
treatment in a septic tank. 

After a preliminary treatment, whereby 
the solid matters are removed from the 
sewage, the various forms of percolating 
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filters are efficient methods for final treat- 
ment. 

The work of the Royal Commission on 
Sewage Disposal indicates that as a broad 
proposition, effluents from bacterial 
methods of treatment are less efficient 
than effinents from land processes, or at 
any rate, to make the effiuents from bac- 
terial methods equally efficient there must 
be triple filtration, the final filtration being 
through coarse sand. The sewage is 
preferably appUed intermittently to such 
a filter. The experiments of the Commis- 
sion show that where suitable land is 
available the land processes are the most 
efficient systems of sewage disposal yet 
devised. 

In England, where there is a smaller 
flow of sewage per capita per day than in 
the United States, a number of bacterial 
plants have been carried out at less ex- 
pense than would be possible for land 
purification processes of an equal degree 
of purification. But in the United States, 
with larger quantity and more dilute sew- 
age, for equal purification, land processes 
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are not likely to be as expensive as the 
bacterial. At any rate, every case needs 
to be studied on its own merits. 

It frequently happens that there is no 
suitable land to be obtained, in which case, 
some form of bacterial purification is per- 
missible. As to just which form, circum- 
stances will determine. 

The bacterial process is exceedingly 
convenient in application, and is likely to 
be a popular method of sewage disposal 
on that account. 
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8vo, cloth I iff 
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AKDKB80N (J. W.). The Prospector's Hand-book ; 
A Qnlde for the Prospector atid Trayeller in search 
of Hetal-beariiig or other Valuable Minerals. Seventh 
edition, thoroughly revised and much enlarged. 8vo» 
doth 1 50 

AXDKRflON (WnXIAM). On the CSonversion of 
Heat into Work. A Practical Hand-book on Heat- 
Bnginna. Third edition. Illustrated. 12mo, cloth. 2 25 

AKDBS (LOUIS). Vegetable Fats and Oils; their 
Practical Preparation, Purification and Employment 
for various purposes. Their Properties. Adulteration 
and Bzamination. A Hand-book for Oil Manufac- 
turers and Beflners, Candle, Soap and Lubricating 
Oil Manufacturers and the Oil and Fat Industry in 
seneraL Translated from the Qerman. With 94 
Illustrations. 8vo, cloth 4 00 

h-^— Animal Fats and Oils. Their Practical Production, 
Purification and Uses for a great variety of purposes, 
their Properties, Falsification and Examination. A 
Hand-book for Manufacturers of Oil and Fat 
Products, Soap and Oandle Makers, Agriculturists, 
Tanners, etc. Translated by Charles Baiter. With 
08 illustrations. 8vo, cloth net 4 00 

ABNOU> CDr. B.). Ammonia and Ammonium 
Compounds. A Practical Manual for Manufacturers, 
Chemists, Gas Engineers and Drysalters. Second 
edition. ISmo, cloth 2 00 

ABNOU> (E.). Armature Windings of Direct Current 
^namos. Extension and Application of a General 
Winding Rule. Translated from the original Qerman 
bv Francis B. DeGrees, M. £. With numerous 
UlustrationB. Svo. cloth S 00 

4.TKIKSOK (PHIUP). The Elements of Electric 
Lighting, including Electric Generation, Measure- 
ment, Storage, and Distribution. Ninth edition. 
Fully revised and new matter added. Dlustrated. 
12mo, cloth 1 50 

■ The Elements of Dynamic Electricity and Mag- 
netism. Third edition. 120 iUustrations. 12mo, 
*4oth 8 00 
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ATKINSON (PHHilP). Power Transmitted by Elec- 
tricity and its Application by the Electric Motor, 
including Electric Railway Construction. New 
edition, thoroughly revised, and much new matter 
added. Ulustratod. ISmo.doth 20f 

ATKINSON (Prof. A. A., mio Univ,), Electrical and 
Magnetic Oedculations, for the use of Electrical En- 
gineers and Artisans, Teachers, Students, and all 
others interested in the Theory and Application of 
Electricity and Magnetism. 8vo, cloth, illustr....net 1 fit 

AUCHINCLOSS (W. S.). Link and Valve Motions 
Simplified. Illustrated with 29 woodcuts and 20 
lithographic plates, together with a Travel Scale, 
and numerous useful tables, Thirteenth edition, 
revised. 8vo. cloth 3 Of 

AXON (W. E. A.). The Mechanic's Friend. A Collec- 
tion of Receipts and Practical Suggestions. l2mo, 
* cloth 161 

BACON (F. W.). A Treatise on the Bichards, Steam- 
Engine Indicator, with directions for its use. By " 
Charles T. Porter. Revised, with notes and large 
additions as developed by American practice: with 
an appendix contaiuing useful forraulsBaiid rules for 
engineers. Illustrated. Fourth edition. 12mo, cloth 1 00 

BADT (F. B.). New Dynamo Tender^s Hand book. 
With 140 illustrations. 18mo, cloth 1 00 

• Bell Hangers' Hand-book. With 97 illustrations. 

Second edition. 18mo, cloth . 1 00 

Incandescent Wiring Hand-book. With S5 illus- 
trations and five tables. Fifth edition. 18mo,'uloth. 1 00 

Electric Transmission Hand-book. With 22 illus- 
trations and 27 tables. 18mo, cloth 100 

BAIiX: (m. P.). Pumps and Pumping. A Hand-book 
for Pump Users. 12mo, cloth 160 

BARBA (J.). The Use of Steel for Constructive 
Purposes. Method of Working, A pp. Ting, and Test- 
ing Plates and Bars With a Preface by A. L Holley, 
C. E. l::mo,cloth 160 

BARKER (ARTHUR H.). Graphic Methods of 
Engine I>e8ign. Including a Oraphical Treatment 
of the Balancing of KnjKlnes. 12mo« cloth. 1 60 



D. VAN NOSTRAND COMPANY'S 



BAl&NABD (F, A. P.). Report on Machinery and 
Prooessei of the Industrial Arts and Apparatus of 
the Exact Sciences at the Paris Universal Expoei- 
tkm, 1867. 152 Ulustrations and 8 folding plates. 
8vo, cloth 5 00 

BARNARD (JOHN H.). The Naval MiUtiaman's 
Guide. Full leather, pocket form 125 

BARWISS (SIDNEY, M . D., I<ondon). Hie Pari- 
flcation of Sewage. Beins a brief account of the 
Scientiflc Principles of Sewage Purification and 
their Practical Application. 12mo, cloth. Illustrated. 2 00 

BAUMEISTER CB*)- The Cleaning and Sewage of 
Cities. Adapted from the German with perm&sion 
of the author. By J. M. Goodell, C. £. Second 
edition, revised and corrected, together with an 
additional appendix. 8vo, cloth. Illustrated 2 00 

BEAUMONT (ROBERT). Color in Woven Design. 
With 82 Colored Plates and numerous original illus- 
trations. Large 12mo 7 60 

BEAUMONT, W. and DUOAU) CliERK. Auto- 
cars and Horseless Ouriages (In Press.) 

BBOKWITH (ARTHUR). Pottery. Observations 
on the Materials and Manufacture of Terra-Cotta, 
Stoneware, Fire-Brick, Porcelain, Earthenware, 
Brick, Majolica, and Encaustic Tiles. 8vo, paper. 
Second edition 60 

BBRNTHSEN (A.). A Text-Book of Organic Chemis- 
try. Translated by George M'Gowan, Ph.D. Fourth 
i™fH«>i edition. Kevised and extended by author 
ana translator. Illustrated. 12mo, cloth 2 GD 

BBRTIN (li. E.). Marine Boilers : Their Construc- 
tion and Working, dealing more especially with 
Tubulous Boilers. Translated by^Leslle S. Robertson, 
Upward of 260 illustrations. Preface by Sir William 
Wnite. 8vo, cloth. Illustrated. — 7 60 

BIOOS (C. H. W.). First Principles of Electricity 
and Magnetism. Being an attempt to provide an 
Elementary Book for uiose intenaing to enter lAie 
profession of Electrical Engineering. Second edition. 
12mo,cloth. Illustrated 2 00 
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BINNS (CHAS. F.). Manual of Practical PotUofc. 
Compiled bv Experts. Third edition, reyised and 
enla^g:ed. 8vo, cloth net 7 50 

I Ceramic Technology: being some aspects of Tech* 
nical Science as applied to Pottery Ifianufacture. 
8vo, cloth net 5 00 

BliAKE (W. P.)* Report upon the Precious Metids. 
Being Statistical Notices of the Principal Qold and 
Silver producing regions of the world, represented 
at the Paris Universal Exposition. 8to, cloth S 00 

BI«AKESIi1EY (T. H.). Alternating Currents of Elec- 
tric! tv. For the use of Students and Engineers. 
Third edition, enlarged. 12mo, cloth 160 

BI.YTH (A. WYNTEB, M. B. C. S., F. O. S.)* Foods: 
their Composition and Analysis. A Manual'for the 
use of Analytical Chemists, with an Introductory Es- 
say on the History of Adulterations, with numerous 

. tables and illustrations. New edition. .....(In Press) 

Poisons; their Effects and Detection. A Manual 
for the use of Analytical Chemists and Experts, 
with an Introductory Essay on the growth of Modem 
Toxicology. Third edition, revised and enlargCML 
8vo, doth 7M 

BODMEB (G, B.). Hydraulic Motors ; Turbines and 
Pressure Engines, for the use of Engineers, Manu- 
facturers ana Students. Second edition, revised and 
enlarged. With 904 illustrations. 12mo, doth. 6 00 

BOILEAU (J. T.). A New and Complete Set of 
Traverse Tables, Showing the Difference of Latitude 
and Departure of every minute of the Quadrant and 
to five pla<»s of decimals. 8vo, doth 6 00 

BOTTONB (S. B.). Electrical Instrument Making for 
Amateurs. A Practical Hand-book. With48ulu8- 
trations. Fifth edition, revised. 12mo, cloth 60 

Electric Bells, and all about them. A Practical 

Book for Practical Men. With mora than 100 illns- 
trations. ISmo, cloth. Fourth edition, revised and 
enlarged 8C 

The Dynamo : How Made and How Used. A 

Book for Amateurs. Eighth edition. 12mo, doth... " " 



D. VAN NOST&AND COMPANY'S 



BOTTONi: (S. R.). Electro Motors : How Made and 
How Used. ▲ Hand-book for Amateurs and Practical 
Men. Second edition. 12mo, doth..... 7S 

BONNET (O. B.). The Electro-Platers' Hand-book. 
A Manual for Amateurs and Young Students on 
Electro-Metallurgy. 60 illustrations, 12mo, cloth.. 1 90 

BOW (B. HO- A Treatise on Bracing. With ite appli- 
cation to Bridges and other Structures of Wooif or 
Iron. 166 illustrations. 8to, cloth ......160 

BOW8BB (Prof. B. A.). An Elementary Treatise 
on Analytic Geometry. Embracing Plane Qeometiy, 
and an introduction to Qeometn^ of three Dimen- 
sions. 12mo, cloth. Twenty-first edition, 175 

An Elementary Treatise on the DifTerential and 

Integral Calculus. With numerous examples. 
12mo, cloth. Seyenteenth edition 2 25 

An Elementary Treatise on Analytic Mechanics. 

With numerous examples. 12mo, cloth. Fourteenth 
edition 8 00 

An Elementary Treatise on Hydro-Mechanics. 

With numerouA examples. 12mo, cloth Fifth 
edition 8 60 

—^- A Treatise on Roofs and Bridges. With Numerous 
Exercises. Especially adapted for school use. 12mo, 
cloth. Illustrated net 8 85 

BOWIE (AUG. J., Jun., M. B.). A Practical Treatise 
on Hydraulic Mining in California. With Description 
of the Use and Construction of Ditefaes, Flumes, 
Wrought-iron Pipes and Dams ; Flow of Water on 
Heavy Grades, and its Applicability, under High 
Pressure, to Mining. Fifth edition. Small quarto, 
cloth. Illustrated 6 00 

BURGH (N. P.). Modem Marine Engineering, applied 
to Paddle and Screw Propulsion. Consisting of 86 
colored plates, 269 practical woodcut illustrations, 
and 408 pages of descriptive matter. The whole 
being an exposition of the present practice of James 
Watt & Co., J. & G. Bennie, R. Napier & Sons, and 
other celebrated firms. Thick quarto, half morocco. 10 00 
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BUBT (W. A.)* Key to the Solar Compass, and 
Surveyor's Companion. Comprising all the rules 
necessary for use in the field ; also description of 
the Linear Surreys and Public Land System of the 
United States. Notes on th<> Barometer, Sugfcestions 
for an Outfit for a Survey of Four Months, eta 
Seventh edition. Pocket-book form, tuck 880 

OALDWKLL, (O. C.)> and A. A. BRENEMAir. 

Manual of Introductory Chemical Practice. For 
the use of Students in Colleges and Normal and 
High Schools. Fourth edition, revised and corrected. 
8vo, doth Illustrated 160 

OAMPINT (FRANCIS). On the Construction of Iron 
Roofs. A Theoretical and Practical Treatise, with 
wood cuts and Plates of Roofs recently executed. 
8vo, doth. S 00 

OABTRB (E. T.). Motive Power and Gearing for 
Electrical Machinery. A Treatise on the Theory 
and Practice of the Mechanical Equipment of Power 
Stations for Electric supply and for £lectic Traction. 
8To,doth. Illustrated ..ft 00 

OATHCART (Prof. WM. L.). Machine Elements: 
Shrinkage and Pressure Joints. With tables and 
diagrams. 8vo, cloth. Illustrated net 2 60 

— — — Marine Engine Design (In Press.) 

GHAmBER'S niATBEMATICAI. TABLES, con- 
sisting of logarithms of Numbers 1 to 106,000, Trigo- 
nometrical, Nautical, and other tables. New edition. 
8vo,doth 176 

GHAUVENET (Prof. W.). New Method of Correct- 
ing Lunar Distances, and Improveil Method of 
Finding the Error and Rate of a Chronometer, by » 
Equal Altitudes. 8vo, cloth 2 00 

GHRISTIB (W. WALLACE). Chimney Design and 
Theory. A Book for En^neers and Architects, with 
numerous half-tone illustratioias and plates of famous 
chimneys. 12mo. doUi 8 00 

GHURCH (JOHN A.). Notes of a Metallurgical 
Journey In Europe. 8vo, cloth 2 00 

CLARK D. (K INN BAR, C. E.). A Manual of Rules. 
Tables and Data for Mechanical Engineers. Based 
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OBOOKBBy (F. B0> and S. S. WHEEI«ER. The 
Practical Bfanaffement of Dynamos and Motors. 
Fourth edition'Jtweifth thousand). Bevised and 
enlarged. With a special chapter by H. A. Foster. 
12mo,cloth. Illustrated 100 

OVMMINO (lilNN^US, M. A.). Electricity treated 
Experimentaliy . For the use of Schools and Students 
Newedition. l2mo,cloth 150 

DAYIBS (B. H.). Machinenr for MetalUferous Mines. 
A Practical Treatise for Mining Engineers, Metallur- 
ffists and Managers of Mines. Wi^ upwards of 400 
illustrations. Second edition, rewritten and en- 
lused. 8yo, cloth net 8 Ji 

DAT (CH ABIiBS). The Indicator and its Diagrams. 
With Chapters on Engine and Boiler Testing; 
Including a Table of Piston Constants compiled by 
, W. H. Fowler. 12mo, cloth. 125 illustrations 2 CO 

DBBB (W. I«.). Block Signal Operation. A Practical 
ManuaL Oblong, cloth 1 50 

DIXON (D. B.). The Machinist's and Steam Engineer's 
Practical Calculator. A Compilation of Useful Rules 
and Problems arithmetically solved, together with 
Qeoeral Information applicable to Shop-Tools, Mill- 
Gearing, Pulleys and Shafts, Steam-Boilers and 
Engines. Embracing valuable Tables and Instruc- 
tion in Screw cutting, Valye and Link Motion, etc. 
16mo, full morocco, pocket form 125 

DODD (GEO). Dictionary of Manufactures, Mining, 
Machinery, and the Indnstrial Arts. 12mo, doth ... 1 50 

DOBB (B. F.). The Surveyor's Guide and Pocket 
Table Book. 18ino, morocco flaps. Fifth edition, 
revised, with a second appendix 2 00 

DBAPEB (C. H.)* An Elementary Text Book of 
Light, Heat and Sound, with Numer> us Examples. 
Fourth edition. 12mo. cloth. Dlustrated 1 00 

• Heat and the Principles of Thermo-Dyramics. 

with many illustrations and numerical examples. 
12mo, cloth 1 60 
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DUBOIS (A. J.). The New Method of Qraphto 
Siatics. With 60 illustrations. 8vo, cloth 1 60 

EDDY (Prof. H. T.)* Researches in Graphical 

Statics. Embracing New Constructions in Graphi- 
cal Statics, a New General Method in Graphical 
Statics, and the Theory of Internal Stress in Graphi- 
cal Statics. 8to, cloth 160 

Maximum Stresses under Concentrated Loads. 

Treated graphically. Illustrated. 8vo, cloth 1 60 

EISSLSB (M.). The Metallurgy of Gold ; a Practical 
Treatise on the Metallurgical Treatment of €k>ld- 
Bearing Ores, including the Processes of Concentra- 
tion and Chlorination. and the Assaying, Melting 
and Refining of Gold. Fifth Edition, revised ana 
greatly enlarged. 187 illustrations. 18mo, cloth. ... 7 50 

The Metallurgy of Silver ; a Practical Treatise on 

the Amalgamation, Roasting and Lixivation of Silver 
Ores, including the Assa^ ing. Melting and Refining 
of Silver Bullion. 134 illustrations. Second edition, 
enlarged, 12mo, cloth 4 00 



—The Metallurgy of Argentiferous Lead : a Practi- 
cal Treatise on the Smelting of Silver Lead Ores and 
the Refining of Lead Bullion. Including Reports 
on Various Smelting Establishments and Descrip- 
tions of Modem Smelting Furnaces and Plants m 
Europe and America. With 188 illustrations. 8vo, 
cloth 500 

Cyanide Process for the Extraction of Gold and 



its Practical Application on the Witwatersrand Gold 
Fields in South Africa. Third edition, revised and 
enlarged. 8vo, cloth. Illustrations and roldiug plates 3 00 

— A Hand-book on Modem Explosives, being a 
Practical Treatise on the Manufacture and use of 
Dynamite, Gun Cotton, Nitro-Glycerine and other 
Ejcplosive Compounds, including the manufacture 
of Collodion-Cotton, with chapters on explosives in 
practical application . Second edition, enlarged with 

160 illustrations. 12mo, cloth .6 00 

EUOT (O. W.), and STORER (F. H.). A compen- 
dious Manual of Qualitative Chemical Analysis. 
Revised with the co-operation of the authors, by 
Prof. William R. Nichols. Illustrated, twentieth 
edition, newly revised by Prof. W. B. Lindsay. 12mo. 
«otn net 1 25 
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EIXIOT (SXai. 61GO. H.). Euxxmean Light-House 
Systems. Being a Report of a Tour of Inspection 
made in 1878. 61 engravings and 21 woodcuts. 8vo, 
cloth 600 

KIXISON, (USWIS M.). Practical Application of I 

the Indicator. With reference to the adjustment of j 

ValveGear on all styles of Engines. Second edition, 
revised. Svo. cloth, 100 Illustrations 2 0| 

STBBETT (J. D.)* Eleroentarr Textbook of 
Physics. Illustrated. Seventh ecution . 12mo,clot^ . 60 

KWINO (Prof. A. J.). The Magnetic Induction in 
Iron and other metals. 159 illustrations. 8vo, cloth 4 00 

FANNING (J. T.). A Practical Treatise on Hydrau- 
lic and Water-Supply Engineering . Relating to the 
Hydrology, Hydro-<iynamics, and Practical Con- 
struction of Water-works in North America. 180 
Ulustrations. 8vo, cloth. Fifteenth edition, revis- 
ed, enlarged, and new tables and illustrations 
added. 660 pages 5 00 

FISH (J. G. li.)* Lettering of Working Drawings. 

Thirteen plates, with descriptive text. Oblong, ^ 

9xl2Vi, boards 1 00 

FISKS (Lieut. BRADLEY A., 17. S. N.). Electric- 
ity in Theory and Practices or, The Elements of 
Electrical Engineering. Eighth edition. 8vo, cloth 2 50 

FISHER (H. K. C. and DARBT, W. C). Students' 
Guide to Submarine Cable Testing. 8vo, cloth 2 50 

FESHEB (W. C). The Potentiometer and its Ad- 
juncts. 8vo,cloth .'2 85 

FLEISCHM ANN (W.). The Book of the Dairy. A 
Manual of the Science and Practice of Dairy Work. 
Translated from the Oerman, by C. M. Aikman and 
R. Patrick Wright. 8vo,cloth 4 00 

FLEMING (Prof. J. A.). The Alternate Current 
Transformer in Theory and Practice. Vol. 1— The 
Induction of Electric Currents ; 61 1 pages. New edi- 
tion. Illustrated. 8vo, cloth 5 <M) 

Vol. 2. The Utilization of Induced Currents. Illus- 
trated. 8vo, cloth 6 06 

^-^ «- Electric Lamps and Electric Lighting. Being a 
course of four lectures delivered at the Royal Insti- 
tuCjon, April-May, 1894. 8vo, cloth, fully illustrated 3 00 
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FliXSmiNO (Prof. J. A.). Electrical Laboratory 
Notes and Forms, Elementary and advanced. 4to, 
cloth, illustrated : 5 00 

FOI.ET (NELSON), and THOS. PRAY, Jr. The 

Mechanical Engineers' Beference Book for Machine 
and Boiler Construction, in 2 parts. Part 1 — General 
Engineering Data. Part 2— Boiler Construction. 
With fifty-one plates and numerous illustrations, 
specially drawn for this work. Folio, half mor . . . .26 00 

FORNEY (MATTHIAS N.). Ciatechism of the Loco- 
motive. Second edition, revised and enlarged. 
Forty-sixth thousand. Svo, cloth 8 60 

FOSTER (Gen. J. O., U. S. A.). Submarine Blasting 
in Boston Harbor, Massachusetts. Removal of 
Tower and Corwin Bocks. Illustrated with 7 plates 
4to. cloth 3 50 

FOSTER (H. A.). Electrical Engineers' Pocket Book. 
1000 pages with the collaboration of Eminent 
Specialists. Third edition, revised. Pocket size, 
full leather 5 00 

FOSTER (JAMES). Treatise on the Evaporation 
on Saccharine, Chemical and other Liquids by the 
Multiple System in Vacuum and Open Air. Second 
edition. Diagrams and large plates. 8vo, cloth. ... 7 50 

FOWLER. Mechanical Engineers' Pocket Book for 
1905 .100 

FOX (WM.), and C. W. THOMAS. M. B. A 

Practical Course in Mechanical Drawing, second 
edition, revised. l:2mo, cloth, with plates. 1 25 

FRANCIS (JAS. B., C. E.). Lowell Hydraulic 
Experiments. Being a selection from experiments 
on Hydraulic Motors, on the Flow of Water over 
Weirs, in open Canals of uniform rectangular 
section, and through submerged Orifices and 
diverging Tubes. Made at Lowell, Mass. Fourth 
edition, revised and enlarged, with many new experi- 
ments, and illustrated with 28 copper-plate engrav- 
ings. 4to, cloth 16 00 

liVOST (GEO. H.)- Engineer's Field Book. "By C. 
8. Cross. To which are added seven chapters on Rail- 
road Location and Construction. Fourth edition. 
12mo,cloth ..•«-•«• • ••• 100 
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FUIXER (GEORGE W.). xceport on the Investiga^ 
ttona into the Purification of the Ohio Riyer Water 
at LouisviUe, Kentucky, Inade to the I^sident anc 
Directors of the Louisville Water Ck>mpany. Pub 
Ushed under agreement with the Directors. 4to, 
cloth. 3 full page plates net 10 00 

OBIFEIi (WM.), and KIIiGOUR* mi. H.) A 

Pocketbook of Electrical Engineering Formula. Il- 
lustrated. 18mo,moroooo 8 00 

GKRBER (NICHOLAS). Chemical and Physical 
Analysis of Milk, Condensed Milk and Infant's fililk- 
Food. 8vo, cloth 1 26 

GESCH WIND (LUCIEN). Manufacture of Alum and 
Sulphates, and other Salts of Alumina and Iron ; 
their uses and applications as mordants in dyeing 
and calico printing, and their other applications in 
the Arts, Manufactures, Sanitary Engineering, Agri- 
culture, and Horticulture. Translated from the 
French by Charles Salter. With tables, figures and 
diagrams. 8vo, cloth, ill us. net 5 00 

GIBBS (WILLIAM V.). lightingby Acetylene, (Gen- 
erators, Burners and Electric Furnaces. With 66 
illustrations. Second edition revised. 12mo, cloth. . 1 50 

GILLMORE (GEN. Q. A.). Treatise on Limes, Hy- 
raulic < ements, and Mortars. Papers on Practical 
Engineering, United States Engineer Department, 
No H, containing Reports of numerous Experiments 
conducted in New York Cityduring the years of 1858 
to 1861, induBiTe. With numerous illustrations. 8vo 
cloth 400 

Practical Treatise on the Construction of Roads. 

Streets, and Pavements, with 70 illustrations. 12mo, 
cloth 200 

Report on Strength of Building Stones in the 

United States, etc. 8vo, illustrated cloth 1 00 

GOLDINO (HENRY A.). The Theta-Phi Diagram. _ 
Practically applied to Steam, Qas, Oil and Air En- ^ 
gines. 12mo, cloth. Illustrated net 1 26 

GOODEYE (T. M.). A Text-Book on the Steam En- 
^ne. With a Supplement on Gf»-Engines. Twelfth 
Edition, enlarged. 148 illustrations. 12mo, cloth. . . 2 00 

GORE (G., F. R. S.). The Art of Electrolytic Separa- 
tion of Metals, etc. (Theoretical and Practical.) 
Illustrated. 8vo, cloth 3 50 
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GOULD (B. RHBRmAN). The Arithmetic of the 
Steam Engine. 8vo, cloth 100 

GRIFFITHS (A. D., Ph. D.)* A Treatise on Manures, 
or the Philosophy of Manuring. A Practical Hand- 
Book for the Agriculturist, Manufacturer and 
Student. 12mo, cloth 8 00 

OBOTEB (FRKDFBICK). Practical Treatise on 
Modem Gas and Oil Engines. 8yo, doth. Illustrated 2 00 

GURDEN (RICHARD IXOTD). Traverse Tables: 
computed to 4 places Decimals for every <* of angle 
up to 100 of Distance. For the use of Surveyors and 
Engineers. New Edition. Folio, half morocco. ..7 50 

GUT ARTHUR (F.). Electric Light and Power, 
giving the Result of Practical Experience in Central 
Siation Work. Svo, doth. Dlustraled 2 60 

HAEDRR (HFRMAN C. E.). A Hand book on the 
Steam Engine. With especial reference to small 
and medium sized engines. English edition re-edited 
by the author from the second German edition, and 
translated with considerable additions and altera- 
1 tions by H. H. P. Powels. 12mo, cloth. Nearly 1100 
illustrations 8 00 

HAI«Ii (WM. S. Prof.). Elements of the Differential 
and Integral Calculus. Second edition. 8vo, cloth. 
Dlustrated net 2 2B 

HALSE Y CF, A.). Slide Valve Gefirs; an Explanation of 
the action and Construction of Plain and Cut-off 
Slide Valves. Illustrated. 12mo, doth. Sixth 
edition 180 

The Use of the Slide Rule. Illustrated with 

diagrams and folding plates. lOmo, boards SO 

HAMILTON <TV. G.). Useful Informnion for Rail- 
way Men. Tenth Edition, revi-ed and enlarged. 
5(52 pages, pocket form. Morocco, gilt 2 00 

HANCOCK (HERBERT). Text Rook of Mechan- 
ics and Hydrostatics, with over 600 diagrams. 8vo, 
doth 176 

HARRISON (TV. B.). The Mechanics' Tool Book. 
With Practical Rules and Suggestions for use of f 
Machinists, Iron- Workers, and others. Dlustrated 
with 44 eogrBTtnira. 12mo, doth .. i SO 
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HUTCHINSON (W. B.)* Patents and How to Make 
Mo ey out of Them. Member of NewTLrkBar. 
12mo,cloth. New York, 1899 126 

BUTTON (W. S.). Steam Bofler OcMistniction. X 
Practical Hand-book for Engineers, Boiler Makers 
and Steam Users. Ck>ntaining a large collection 
of mles and data relating to recent practice In the 
design, construction, and working of all kinds of 
Btauonary, locomotive and marine steam boilers. 
With upwards of 600 illustrations. Third edition. 
Carefully revised and much enlarged. Svo, cloth. . . 6 00 

— Practica Ensineer's Hand-book, Comprising a 
treatise on Mo&m Engines and Boilers, Marine, 
Locomotive and Stationary. Fourth edition. Care- 
fully revised with additions. With upwards of 670 
illustrations. Svo, cloth 7 00 

The Works^ Manager^s Hand-book of Modem 
Rules, Tables, and Data for Civil and Mechanical 
Bnfdneers. Millwrights and Boiler Makers, etc., etc. 
With upwards of 160 illustrations. Fifth edition. 
Carefully revised, with additions. Svo, cloth 00 

INNESrCHABIiBSH.). Problemsin Machine Design. 
For the Use of Students, Draughtsmen and others. 
12mo, cloth 1 50 

■ Centrifugal Pumps, Turbines and Water Motors. 
Including the Theory and Practice of Hydraulics. 
12mo, cloth net 2 00 

ISHEBWOOB (B. F.). Engineering Precedents for 
Steam Machinery. Arranged in the most practical 
and useful manner for Engineers. With illustra- 
tions. 2vols.inl. Svo, doUi 2 60 

JAMBSON (CH ABIDES D.). Portland Cement. Its 
Manufacture and Use. 8vo,cloth 160 

JAMIESON (ANDBEW C. B.). A Text-Book on 
Steam and Steam Ens;ines. Specially arranged for 
the use of Science ana Art, City and Ouilds of London 
Institute, and oHier Engineering Students. Tenth 
edition. Illustrated. 12mo, cloth ••.. 8 00 

■ Elementary Manual on Steam and the Steam 
Engine. Speciallv arranged for the use of First- 
Tear Science and Art, City and Ouilds of London 
Institute, and other Elementuy Engineering 
gtndentB. Third edition. 12mo, cloth i bo 
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JANNETTAZ (EDWARD). A Guide to the Deter- 
mination of Bocks : being an Introduction to 
Lithology. Translated from the French by G. W. 
Plympton, Professor of Physical Science at Brook- 
lyn Polytechnic Institute. 12mo, cloth 1 60 

JOHNSTON, Prof. J. F. !¥., and CAMBBON, Sir 
CHAS. Elements of Aericultural Chemistry and 
Geology. Seventeenth edition. 12mo, cloth 2 60 

JOTNSON (F. H.). The Metals used in Construction. 
Iron, Steel, Bessemer Metal, etc. Illustrated. ISmo, 
cloUi 79 

Designing and Construction of Machine Gearing. 

Illustrated. 8vo, cloth 2 00 

KANSAS CITY BRIDGE (THRO With an Account 
of the Regimen of the Missouri Riyer and a Descrip- 
tion of the Methods used for Founding in that River. 
By O. Chanute, Chief Engineer, and George Morri- 
son, Assistant Engineer. Illustrated with 5 litho- 
graphic views and 12 plates of plans. 4to, cloth. . . 6 00 

KAPP (6ISBERT C. £.). Electric Transmission 
of Energy and its Transformation, Subdivision, and 
Distribution. A Practical Hand-book. Fourth 
edition, revised. 12mo, doth 8 50 

Dynamos, Alternators and Transformers. 188 

Illustrations. 12mo, cloth 4 00 

KEM PR (H. R.). The Electrical Engineer's Pocket- 
Book of Modern Rules, Formule, Tables and Data. 
Illustrated. 82mo, mor. gilt 175 

KBNNRIXY (A. £.). Theoretical Elements of Eleo- 
tro Dynamic Machinery. 8vo, cloth 1 60 

KIIiOOUR, M. H., SWAN, H., and BI66S, C. H. 

W. Electrical Distribution; its Tlieory and Practice. 
174 Dlustrations. 12mo, cloth 4 00 

KING (W. H.). Lessons and Practical Notes on 
Steam. The Steam Engine, Propellers, etc., for 
Young Marine Engineers, Students, and others. 
Revised bv Chief Engineer J. W. K^ig, IJDited States 
Navy. Nineteenth edition, enlarged. 8vo, cloth .... 2 00 

KINGDON (J. A.). Applied Magnetism. An intro- 
duction to the Design of Electromagnetic Apparatus. 
8yo,cloth 8 00 
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KIBKAIJ>T (WM. G.}. Ittustrations of David KMc- 
aldr^B System of Mecnanical Testing, as Orifcinated 
and Carried On by him during a Quarter of a Century. 
Oomprlsing a Large Selection of Tabulated Results, 
showing the Strength and other Properties of Mate- 
riids UMd in Ck>nstruotion. with explanatory Text 
and Historical Sketch. Numerous engravings and 
26 lithographed idates. 4to, cloth. 90 00 

KIBKWOOD (J AS. P.). Report on the FHtration of 
River Waters for the supply of Cities, as practised in 
Europe, made to the BcMtrd of Water Commissioneni 
of the City of St. Louis. Ulustrated by 80 double- 
plate engravings. 4to, cloth 7 50 

KNIGHT (AUSTIN M., Heutenant-Commander. 
(/. 8. N.). Modem Seamanship. Illustrated with 186 
full-page plates and diagrams. 8vo, cloth. Second 

edition, revised net 6 00 

Half morocco 7 50 

LARRABBE (C. S.). Cipher and Secret Letter and 
Telegraphic Code, with Hog*s Improvements. The 
most perfect Secret Code ever invented or discov- 
ered. Impossible to read without the key. 18mo, 
ctoth 60 

LKASK (A. RITCHIE). Breakdowns at Sea and 
How to Repair Them. With eighth-nine Illustra- 
tions. 8vo,cloth. Second edition 8 00 

' Triple and Quadruple Expansion Engines and 
Boilers and their Management. With fifty-nine 
• illustrations. Third edition, revised. 12mo, cloth.. 8 00 



Refrigerating Machinery : Its Principles and 



Management. With sixi^-fbur illustrations. 12mo, 
cloth 800 

LBCK Y (S. T. 8.). '' Wrinkles '' in Practical Naviga- 
tion. With 180 illustrations. 8vo, cloth. Ninth 
edition, revised net 8 00 

LEVY (C. L.). Electric Light Primer. A Simple and 
Comprehensive Digest of all of the most important 
facts connected with the running of ^e dynamo, and 
electric lights, with precautions for safety. For the 
use of persons whose duty it is to look after the 
plant. Svo.paper ^ 
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UVACHE (ACH., InKonieur CItII Des Mines). 

The Manufacture of VamisheSf Oil Crushing, Refin- 
ing and Boiling and Kindred Industries. Translated 
from the French and greatly extended, by John 
Qeddes Mcintosh. 8vo, cloth. Illustrated net 5 00 

IX>CKB (AXFRBD 6., and CHARLES G.) A Prac- 
tical Treatise on the Manufacture of Sulphuric Acid. 
With 77 Constructiye Plates drawn to bcale Meas- 
urements, and other Illustrations. Royal 8to, cloth.lO 00 

IjOCKEBT (liOUIS). Petroleum Motor-Cars. 12mo, 
doth 1 fiO 

IjOGKWOOD (THOS. D.)* Electricity, Magnetism, 
and XUectro-Telegraphy. A Practical Guide for 
Htudents, Operators, and Inspectors. 8yo, cloth. 
Third edition 8S0 

■ Electrical Measurement and the Galvanometer ; 
its Construction and Uses. Second edition. 8s! illus- 
trations. 12mo,cloth 160 

I«ODGE (OlilVEB J.). Elementary Mechaiiic8|. 
including Hydrostatics and Pneumatics. Revised 
edition. 12mo. cloth ISO 

I.ORING (A. E.). A Hand book of the Electro-Mag- 
netic Telegraph. Fourth edition, revised 

LUCE (Com. 8. BA Text-Book of Seamanship. The 
Equipping and Handling of Vessels under Sail or 
Steam. For the use of theU. S. Naval Academy. 
Revised and mlarged edition, by Lt. Wm. S. Benson. 
8vo,cloth. 1000 

LUNGE (GEO.). A Theoretical and Practical Treatise 
on the Manufacture of Sulphuric Acid and Alkali 
with the Collateral Branches. Vol. I. Sulphuric 
Acid, Second edition, revised and enlarged. 842 

illustrations. 8vo, cloth 15 00 

Vol. II. Second edition, revised and enlarged. 

8vo, cloth 16 80 

Vol nL 8vo, cloth. New edition, 1896 16 00 

LUNGE. (GEO.), and HUBTEB, F. The Alkali 
Maker*s Pocket-Book. Tables and Analytical Meth- 
ods for Manufacturers of Sulphuric Acid, Nitric 
Acid, Soda, Potash and Anunonia. Second edition. 
]2mo, cloth ..,.,,.,.,,, 8^ 
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liUQITEB (I^A BEcILYAINi:, Ph. D.). Minerals 
IQ Rock Bections. The Practical Method of Identi- 
tying Minerals in Bock Sections with the micro- 
scope, Especiallv arranged for Students in Technical 
and Scientiflc Schools. 8vo. doth. Illustrated.. net 1 60 

MACKROW (CI^BMENT). The Naval Architect's 
and 8hip-Builder*B Pocket-Book of FormulsB, Bules 
and Tables; and Engineers* and Surveyors* Handy- 
Book of Reference. Eighth edition, revised and en- 
larged. ]6mo, limp leather. Illustrated 5 OC 

BIAOUIRB (Capt. BDIYABD. U. S. A.). The 
Attack and Defence of Coast Fortifications. With 
Maps and Numerous Illustrations. 8vo, cloth 2 50 

BIAGUIBE (WM. B.). Domestic Sanitary Drainage 
and Plumbing Lectures on Practical Sanitation. 882 
illustrations. 8vo 4 00 

BIABKS (EDWABD C. B.). Mechanical Engineering 
Materials: their Properties and Treatment In Con- 
struction. 12mo, cloth. Illustrated 60 

Notes on the Construction of Cnuies and lifting 

Machinery. 12mo, cloth 1 &o 

MABKS (6. C.)* Hydraulic Power Engineering: a 
Practical Manual on the Concentration and Trans- 
mission of Power by Hydraulic Machinery. With 
over 200 diagrams, figures, and tables. 8vo, cloth. 
Illustrated 3 U) 

BLATTEB (WM.). American Telegraphy: Systems, 
Apparatus, Operation. 450 illustrations. 8vo, cloth. 8 50 

BIATEB (Prof. A. M.). Lecture Notes on Physics. 
8vo, cloth 2 00 

MeOUIiliOCH (Prof. B. S.). Elementary Treatise 
on the Mechanical Theory of Heat, and its applica- 
tion to Air and Steam Engines. Svo, cloth 8 60 

McNBILL (BEDFOBD). McNeiU*s Code. Arranged 
to meet the requirements of Mining, Metallurgfcal 
and Civil Engineers, Directors of Mining, Smelt- 
ing and other Companies, Bankers, Stock and Share 
Brokers, Solicitors, Accountants, Financiers, and 
(general Merchants. Safety and Secrecy. 8 vo, cloth. 6 00 
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Mcpherson (J. a., a. M. Inst. C. E.). water- 
works Distribution: a practical guide to the laying 
out of systems of distributing mains for the supply ^ 
of water to cities and towns. With tables, foldmg 
plates and numerous full-page diagrams. 8to, 
doth. Illustrated 8 SO 

1ICETAI« TUKNING. By a Foreman Pattern Maker. 
Illustrated with 81 engraviigB. 12mo, cloth 1 50 

MINIFIE (WM.). Mechanical Drawing. A Text- 
book • f Geometrical Draw ng for the use of Mechanics 
and Schools, in which the Definitions and Rules of 
Qeometiy are familiarly explained; the Practical 
Problems are arranged from the most simple to the 
more complex, and in their description technicalities 
are ayoided as much as possible. With illustrations 
for Draw'ng Plans, Sections, and Eleyations of Rail- 
ways and machinery; an Introduction to Isometrical 
Drowiog, a-id an Essay on Linear Perspective and 
Shadows. Illustratea witb over 200 diagrams 
engraved on steel. Ninth thousand. With an appen- 
dix on the Theory and Application of Colors. Bvo, 
clota 4 00 

Geom«>trlcal Drawing. Abridged from the Octavo 

edition, for the us-^ of schools. lUus' rated with 48 
steel plates. Ninth edition. 12mo, cloth 2 00 

MODERN BIETEOROIiOGY. A Series of Six 
Lectu es, delivered under the auspices of the Meteor- 
ological Society in 1870. Illustrated. 12mo, cloth . 1 50 

MORBINO (C. A.), and NEAI^ (THOBIAS). Tele- 
graphic Mining Co'e Alphabetically arranged. 
Second edition. 8vo,cloth 8 40 

MORRIS (S.). Easy Rules for the Measurement of 
Earthworks by means of the Prism oidal Formula. 
8vo, cloth. Illustrated ISO 

MOSES (AXFRED J.), and PARSONS, C. I^ Ele- 
ments of Mineralogy, Crystallography and Blowpipe 
Analysis from a practical standpoint. Fourth 
thousand. 8vo, cloth. 866 illustrations net S 50 

MOSES (AUnED J.). The Characters of Crystals. 
An Introduction to Physical Crystallography, con- 
taining S21 Illustrations and Diagrams. 8vo, 211 
pp. net 2 00 
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MOORB (S. G. S.). New Tables for the Complete 
SoluiiOD of GanguUlet and Katter^s Formula for the 
flow of liquids iu open channels, pipes, sewers and 
conduits. In two parts. Part I, arranged for 1,060 
inclinations from 1 OTer 1 to 1 over 21,190 for fifteen 
different values of (n). Part II, for use with all other 
values of (n). With large folding diagram. 8vo, 
cloth, niustrated net 5 OC 

KVIXIlf (JOSEPH P., M . E.)« Modem Moulding 
and Pattern-Making. A Practical Treatise upon 
Pattern Shop and Foundry Worli; embracing the 
Moulding ofPulleTs, Spur C3ears, Worm Qears, Bal- 
ance-Wheela, Stationary Engine and Locomotive 
Cylindprs, Globe Valves, Tool Work, Mining Machin- 
ery, Screw Propellers. Pattern-Shop Machioery, and 
the latest improvements in English and American 
Cupolas; together with a largecoUection of original 
ana ctiietniiy selected Rules and Tables for every- 
day use in the Drawing Office, Pattem-Shop and 
Foundry. Itmo, cloth. Illustrated 2 fiO 

MUNRO (JOHN C. E.). and JAMIESON 
ANDBEW. C. E. A Pocket-book of Electrical 
Rules and Tables for the use of Electricians and 
Engineers. Thirteenth edition, revised and enlarged. 
With numerous diagrams. Pocket size. Leather. . 2 SO 

MUBPHT (J. O., M. E.). Practical Minhig. A 
Field Manual for MlningE^igineers. With Hints for 
Investors in Mining Properties. IGmo, morocco 
tucks 100 

NAQUET (A.). Legal Chemistry. A Guide to the 
Detection of Poisons, Falsification of Writings, 
Adtdteration of Alimentary and Pharmaceutical 
Substances, Analysis of Ashes, and examination of 
Hair, Ck>in8, Arms, and Stains, as applied to Chemi- 
cal Jurisprudence. Translated from the French, 
by J. P. Battershall, Ph D., with a preface by C. F. 
dhandler, Ph. D., M. D., LL. D. l:2mo, cloth 2 Ou 

NASMITH (JOSEPH). The Student's Cotton Spin- 
ning. Third edition, revised and enlarged. 8vo, 
cloUi. 022 pages. 260 Illustrations 3 00 

NEWALL (JOHN W.). Plahi Practical Directions 
for Drawing, Sizing and Cutting Bevel-Gears. show- 
ing how the Teeth may be cut in a Plain Milling 
Machine or Gear Cutter so as to give them a correct 
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shape from end to end; and showing how to get out 
all particulars for the Workshop without making 
aiij Drawings. Including a Full Set of Tables of 
Reference. Folding plates. 8vo, cloth 1 50 

NBUBUROBR (HBNBIQ and HENBI NOAI^ 
HAT. Technology of Petroleum. The Oil Fields 
of the World; their History, Gktography and Qeology, 
With 168 illustrations and 25 plates. Translated 
from the French by John Geddes Mcintosh. Svo, 
cloth net 10 00 

VasWULVDH (JAMES). The Carpenters* and Join- 
ers' Assistant: being a Ck>mprehensive Treatise on 
the Selectio I, Preparation and Strength of Mate- 
rials, and the Mechanical Principles of Framing. 
Illustrated. Folio, half morocco 15 00 

laPHEB (FBANCI8 E., A. M.). Theorv of Mag- 
netic Measurements, with an appendix on the 
Method of Least Squares. 12mo, cloth 1 00 

KOAD (HENBT M.). The Students' Text-Book of 
Electricity. A new edition, carefully reyised. With 
an Introduction and additional chapters by W. H. 
Freece. With 471 illustrations. 12mo, cloth 4 00 

NUGENT (E.). Treatise on Optics; or, Light and Sight 
theoreticaljv and practically treated, with the ajmali- 
cation to Fine Art and Industrial Pursuits. With 
JOB illustrations. 12mo,cloth. 160 

0*€ONNOB (HENBT). The Oas Engineer's Pocket- 
Book. Comprising Tables, Notes and Memoranda; 
relating to the Manufacture, Distribution and Use 
of Cook Gas and the Construction of Oas Works. 
12mo, full leather, gilt edges 8 60 

OUDIN (M. A.). Standard Polyphase Apparatua and 
Systems. With manv photo-reproductions, dia- ' 
grams, and tables. Thh:d edition, revised. 8to, 
cloth. Illustrated 8 00 

PAGE (DAYID). The Earth's Omst, A Handy Out- 
line of Qeology. 16mo,cloth 76 

PAIiAZ (A., ScD.). A Treatise on Industrial Pho- 
tometry, with special application to Electric Light- 
ing. Authorized translation from the French, by • 
George W. Patterson, Jr. Second edition, reTUed. 
SvOpdoth. Illustrated 4 00 
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TAnSUAJuTj (H. F.) and H. M. HOB ART. 

Armature Windings of Electric Machines. With 140 
full-page plates, 63 tables, and 166 pages of descrip- 
tive letter-press. 4to, cloth 7 50 

PEIRCE (B.)* System of Analytic Mechanics. 4to, 
cloth 10 00 

PERRINE (F. A. C.f A.M., D.Sc). Conductors 
for Electrical Distribution; their Manufacture and 
Materials, the Calculation of Circuits, Pole-Line 
Construction, Underground Working and other Uses. 

8vo, cloth. Illustrated net 3 50 

Postage 25 

FERRT (JOHI^. Applied Mechanics. A Treatise 
for the use of students who have time to work 
experimental, numerical and graphical exercises 
illustrating the subject. 8vo, cloth. 660 pages., net 2 60 

PHII«I.IPS (JOSHUA). Engineering Chemistry. A 
Practical Treatise fur the use of Analytical (dem- 
ists. Engineers, Iron Masters, Iron Founders, 
stuaents and others. Comprising methods of Analy- 
sis and Valuation of the principal materials used m 
Engineering works, with numerous Analyses, Exam- 
ples and Suggestions. 814 illustrations. Second 
edition, revised and enlarged. 8vo, cloth 4 50 

nCKWORTH ^CHAS. N.). The Indicator Hand- 
book. A Practical Manual for Engineers. Part L 
The Indicator: Its Construction and Application. 81 
illustrations. 12mo, cloth 160 

The Slide Rule. A Practical Manual of Instruc- 
tion for all Users of the Modem l^pe of Siide Rule, 
exhibiting the Application of the Instrument to the 
Everyday Work of the Engineer,— Civil, Mechanical 
and Electrical. 12mo, flexible cloth. Fifth edition. 80 

PliANR TABLB (THE). Its Uses in Topographical 
Surveying: From the Papers of the United States 
Coast Survey. Illustrated. 8vo, cloth 2 00 

PULNTR (OASTON). The Storage of Electrical 
Energy, and Researches in the Effects created by 
Currents, combining Quantity with High Tension. 
Translated from the French by Paul B. Elwell. 89 
illustrations. 8vo 4 00 

FIiATTNER. Manual of Qualitative and Quantitative 
Analysis with the Blow-Pipe. Eighth edition, re- 
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vised. Translated by Henry B. Cornwall, E.M., Ph.D., 
assisted by John H. Caswell, A.M. From the sixth 
German edition, by Prof. Fried lichEolbeck. Illus- 
trated with 87 woodcuts. 463 pages. 8vo, doth.. net 4 00 

PliYMPTON (Prof. GEO. W.). The Aneroid Ba- 
rometer: its Construction and Use. Compiled from 
several sources. Fourth edition. 16mo, boards, 
illustrated 60 

FOCKET LOGARITHMS, to Four Places of Dec!- 
mfUs, including Logarithms of Numbers, and Loga- 
rithmic Sines and Tangents to Single Minutes. To 
which is added a Table of Natural Sines, Tangents, 
and Co-Tangents. 16mo, boards. 60 

POPE (F. L.). Modem Practice of the Electric Tele- 
graph. A Technical Hand-book for Electricians, 
Muoagers and Operators. Fifteenth edition, rewrit- 
ten and enlarged, and fully illustrated. 8vo, cloth. 1 50 

POPPLEWELL (W. C). Elementary Treatise on 
Heat and Heat Engines. Specialty adapted for 
engineers and students of engineering. 12mo, cloth. 
Illustrated .* 8 00 

PO WLES (H. H.). Steam Boilers. (In Press.) 

PRAY (Jr., THOMAS). Twenty Years with the 
Indicator; being a Practical Text-Book for the 
Engineer or the Student, with no complex Formulae. 
Illustrated. Svo, cloth 2 60 

■■ Steam Tables and Engine Constant. Compiled 
from Regnault, Rankineand Dixon directly, making 
use of the exact records. Svo, cloth 2 00 

PRACTICAL IRON FOUNDING. By the Author 
of '* Pattern Making,'' &c., &c. Illustrated with 
over one hundred engravings. 12mo, cloth 160 

PREECE (W. H.)> Electric Lamps (In Press.) 

PREECE (W. H,), and STUBBS, A. T. Manual 
of Telephony. Illustrations and plates. 12mo, cloth. 4 50 

PREMIER CODE. (See Hawk, Wm. H.) 

PRESCOTT (Prof. A. B.). Organic Analysis. A 
Manual of the Descriptive and Analytical Chemistry 
of certain Carbon Compounds in Common Use: a 
Guide in the Qualitative and Quantitative Analysis 
of Organic Materials in Commercial and Pharma- 
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BEED*S ENGINEERS' HAND-BOOK to the 

Local Marine Board Examinations for Certificates 
of Competency as First and Second CtassEneineers. 
By W. B. Thorn. With the auswers to the Elemen- 
|M7 Questions. Illustrated bv 297 dia«rrams and 36 
laiigre plates. Seventeenth editioD, revised and en- 
lar|[:ed. 8vo,cloth 6 00 

Key to the Seventeenth Edition of Reed's 
BnRineer's Hand-book to the Board of Trade Exami- 
nations for First and Second Class Engineers and 
containing the working of all the questions given in 
the examination papers. By W. H. Thorn. 8vo, 
cloth 800 

Usefal Hints to Sea-going Engineers, and How to 
Repair and Avoid ** Break Downs; ** also Appendices 
Containing Boiler Explosions, Useful Formule, 
etc. With 86 diagrams and 4 plates. Second edition, 
revised and enlarged. ISmo, cloth 1 60 



Marine Boilers: A Treatise on the Causes and 



Prevention of their Priming, with Remarks on their 
General Management. Illustrated. 12mo, cloth... 2 00 

ftEINHABDT (CHAS. W.). Lettering for Drafts- 
men, Engineers and Students. A Practical System 
of Free-nand Lettering for Working Drawings. 
Thoroughly revised and largely rewritten. Thir- 
teenth thousand. Oblong, boards 1 00 

BICE (J. M.)m and JOHNSON, W. W. On a 

New Method of obtaining the Differential of Func- 
tions, with especial refereoce to the Newtonian 
Conception of Kates or Velocities. 12mo, paper. ... 60 

BINGWAIiT (J. !«,}• Development of Transporta- 
tion Systems in the United States, Comprising a 
Comprehensive Description of the leading features 
of advancement from the colonial era to the present 
time. With illustrations. Quarto, half morocco.. 7 60 

BIPPBB (WHXIAM). A Course of Instruction in 
Machine Drawing and Design for Technical Schools 
and Engineer Students. With 62 plates and numer- 
ous explanatory engravings. Folio, cloth 6 00 

BOEBUDTG (J. A.)* Long and Short Span Railway 
Bridges. Illustrated with large copperplate 
engravings of plans and views. Imperial folio, 
cloth 26 00 
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B06EBS (Prof. H. D.). The j Geology of Pennsyl- 
vania. A Government Survey, with a General View 
of the Geology of the Unitea States, essays on the 
Coal Formation and its Fossils, and a description of 
the Ck>al Fields of North America and Great 
Britain. Dlustrated with plates and engravings in 
the text. 8 vols., 4to, cloth, with portfoho of maps. 15 00 

BOSB (JOSHUA, M. E.)* The Pattem-MalEers* 
Assistant. Embracing Lathe Work, Branch Work, 
CJore Work, Sweep Work, and Practical Gear Con- 
structions, the Preparation and Use of Tools, 
together with a large collection of useful and valu- 
able Tables. Tenth edition. Illustrated with 260 
engravings. 8vo, cloth 2 54 

— ^— Key to Engines and Engine-running. A Practical 
Treatise upon the Management of Steam Enf^es 
and Boilers for the Use of Those who Desire to rass 
an Examination to TaJce Charge of an Engine or 
Boiler. With numerous illustrations, and Instruc- 
tions Upon Engineers^ Calculations, Indicators, 
Diagrams, Engine Adjustments, and other Valuable 
Information necessary for Engineers and Firemen. 
12mo, cloth 250 

SABINB (BOBBBT). History and Progress of the 
Electric Telegraph. With descriptions of some of 
the apparatus. Second edition, with additions. 
12mo, cloth 125 

SAEI<TZEB (AXEX.). Treatise on Acoustics in con- 
nection witn Ventilation. 12mo, cloth 1 00 

SAIX>MONS (Sir DAVID, M. A.). Electric Light 
Installations. A Practical Hand-book. Eighth 
edition, revised and enlarged, with numerous illus- 
trations. Vol. I. The management of Accumula- 
tors. l2mo, cloth 150 

VoL n., Ai>paratus, 296 illustrations. 12mo, cloth. 2 25 
Vol. lU., Applications. 12mo, cloth 1 50 

8ANFOBD (P. 6EBAXD). Nitro-Explosives. A 
Practical Treatise concerning the Properties, Manu- 
facture and Analysis of Nitrated Substances, includ- 
ing the Fulminates, Smokeless Powders and Cellu- 
loid. 8vo, cloth, 270 pages 8 00 

dAUMNIBB (CLAUDIUS). Watchmaker's Hand- 
book. A Workshop Companion for those engaged 
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Inclined or RaTMr. Triangalar. BowstrlDg. lenticu- 
lar, andutber TrimaeM, from fiiwl and moviuj; loads, 
with practical applicatioiis and eiHOiplw, for tbe 
uie ofStudenta and Engineer. S? woodcut iilua. 

Tourtli adltion. 8»o, clotb S 

HUNK I W. P.l. The Field Engineer. A Haadj 
Book of practice in the 6urvi-y, Location, and Tmck- 
i..>-E>.ii — J ._._! — B largB collection ~' 

pared Willi apedal refereoce to the waots of the 
fonnK Eoglneer. Fourteenth wJliion, rerLwd and 

enlarged. IBmo, morocco, lucks S SO 

SIMMS (F. W.). A Treattoe on the Prtnoiplea and 
Practice of Levelling. Showing lis application to 
piirposea of Rallmi; Engineerlne, ma the Con- 
sCraction of Boada, etc, BeTiaed and corrected, 
with thsaddlUqn of Mr. Lawi' Fr(u:tli.-al Eiamplea 
tor eetting out BiUwar CurTea. niustTHled. S*u. 

cloth 360 

■ MKB <W, F.). PracUcal TunneUing. Fourtli edition, 
reTised and greatly eiteaded. Wflb additional 
cbaptan lllualrating recent practice br D. Klnnear 
Clark. With 116 plal«B and other illattnUioiiB. Im- 

parial Bto, cloth 18 00 

•SLATBB (J. W-V Sewage Treatment, PurlOustlOD, 
and UUIiutloa. A Pravlioal Uauuai fortbeUFe of 
CorporaUona, Local Boards, Medical O01cer« of 
BMUth. iDipectors of Nuiaanirea, Chemiata. I' 

tacluren. Rlpariai " " — ' — ■* 

papers. ISmo, dot 






AHT 'A. W.), aad A. T. WOOl 
MtrhMnjKm, A Ttext-Boofc fo c Stnde 
yjiK J ucmiji c. Kfevcntn eOiuua, 
doCh r. -2 00 



9rAI.KT (CADTV •■« PIEBS09. CSCO. 8. TliB 
SepttnUa Sjttem of Sevomge: itsTliearf aadOoB- 
fftrQctkMi. Third editaoB, revfaed. 0fO»doliL WiUi 
maiM, plates and IIIiHtrmtioiis SOO 

flTKTKNSOK (PATID, F-JL^JT.). Tbe PHbcUIbs 
and Practice of CaoAl and Birer T^ngt ii fyiln g. Be- 
Tiaed bj his aona Da^id Alan Sterraaoii, B. 8c^ F. R 
&E., and Charles Alerandw Stevvnaoii, B. Sc, F.B. 
&E., Civil Engineer. Third editkni, with 17 platee, 
Ovo, doth 10 00 

The Deaign and ComfaucliuM of Harbots, A 



Treatiae on iUrftime Engineering. Third edition 
withSipiatea, »ro,cloth 10 00 

0TEW %BT (B. W.). A Text Book of Ufi^t. Adapted 
to the Beqniremeota of the Intermediate Science 
and PreUmio«iy ScieDtific ExaminatiODS of the Uni- 
▼enrity of London, and also for General Use, 
Mnmeroos Diagrams and Examplea. 12mo, doth. . 1 00 

STEW ABT (B. W.). A Text Book of Heat, OIob- 
trated, 8vo, doth 100 

-^— A Text Book of Magnetism and Electridty, 100 
Bins, and Nnmenms Examples. 12&io, doth 1 00 

VrULBS (AMOS). Tables for Field Engineers. De- 
signed for use in the field. Tables containing all 
the functions of a one degree curre, from which a 
corresponding one can be found for any required 



SCONTinc FOBUCATTOIf. 

dep**- 4'*^. Tablesot NaiumI Sines and TaogentB, 

VrnXMAIf (PAUL). Bleam EnKioe Indicator BDd 
Improved Munometor SKuJn and Vacuum 
na; their UCilltr and AppUcatioD. New edition. 

.HeiiblBulolh - , 1 

BTONK (Oeneral ROI). Kew Boads and Boad Laws 
In the D»Il«d Blatea. S»0 pages, with Dumeroua 

tlluslraUoiiii. ISmo, dulh I 

STVABT (O. B., V. B. N.). Lives and Works of Ctvll 
and MlUtarf Engine«nt o( America. With IDatcel- 

plale ensriHings. Bvo, cloth G 

TheNavBlDryEKicks of the United States. XIIus- 

(rated wRIi H* fine EngtavliiES on SleeL Fourth 

BWINTON (ALAN A, CAMPBEt!.!, The El 

tary Prinolpto of Etectriu Lighting. 

' l2[uo,ck)tli -, 

TSMPLETOIf (WSf.). The Fractlcia Mechanic's 
Worlc-aliop Companion. Cuaniris[Dsae''eatTBriel7 
of the inost useful rales and (ormnliB In Mechanical 
Etcienm. with Dumeroas tables of prn'iUcal data and 
- .¥BultA facilitating necbanlcal opern- 
evloed and enlarged b^ W. B. Hutton. 

TBOBI (OUAB.), iKi'l TFTLI.IS H. JONES. Tel» 
naphlc CooDeotlDDS: embracing R«cent Nethoda In 
(juadruplex Teleitraphy. Ohlong, Bvo, cloth. 20 full 
pag« plates, some colDred t 

TBOIHPSON (EDWAKD p., M. B.l. Row to 

Art. A Practical Oulda for Inventors. Second 

edition, 8vo, boards 1 

RoeDtgau RarsandPbeiiameiisofChe Arodoand 

Cathode Prtntlples. AjnpIlffailooB and Theories. 
For StudenU, Tsacbers. Phjildana, Photographers, 
Eleotrlolaiu and others. Asalslnd be- Loula U. , 
PICnolM^ N. D. C. Hodgas,'aDdLiidwlRQulauuio. E. 
E. With a Chapler on OenerallMtlon*, Argumanis, 
Theortos. Kindred Radiations and Phenome — "- ' 
" " " 1. Antbonj'. 8vo, elotli. SO Dl 



36 D. VAN NOSTRAND COMPANY'S 

TODD (JOHN% and W. B. WHAIX. Practical 
Seamanship for Use in the Merchant Service: Includ- 
ing all ordinary subjects; also Steam Seamanship, 
wreck Lifting, Avoiding Collision, Wire Splicing, Dis- 

Elacement, and everj^hine necessary to be known 
y seamen of the present cuiy. Second edition, with 
247 illustrationR and diagrams. 8vo, cloth 8 00 

TOOTHBD GBABINO. A Practical Hand-book for 
OIBces and Workshops. By a Foreman Pattern- 
maker. 184Illu8trationi. 12mo.cloth 2 S5 

TBATMAN (E. E. BUSSBIX). Railwav Track and 
Track Work. With over two hundred illustrations. 
8vo, cloth.., "00 

TBETBBT (EDTVABD). How to Build Dynamo 
Electric Machinery, embracing Theory De«igninj$^ 
and Gonstniction of Dynamos and Motors, with 
appendices on Field Magnet and Armature Winding, 
Muiagement of Djmamos and Motors, and Useful 
Tables of Wire Gauges. Illustrated. 8vo, cloth ... 2 60 

Electricity and its Recent Applications. A Prac- 
tical Treatise for Students and Amateurs, with an 
Illustrated Dictionary of Electrical Terms and 
Phrases. Illustrated. 12mo,cloth 2 00 

TUCKEB (Dr. J. H.). A Manual of Sugar Analjrsis, 
including the Applications in General of Analytical 
Methods to the Sugar Industry. With an Introduc- 
tion on the Chemistry of Cane Sugar. Dextrose, 
Levulose, and Milk Sugar. 8vo, cloth. Illustrated. 3 60 

TUMUBZ (Dr. O.). Potential and its Application to 
the Explanation of Electric Phenomena, Popularly 
Treated. Translated from the Oerman by D. Bobert* 
son. Illustrated. 12mo, cloth 1 25 

-rUNMEB (P. A.). Treatise on BoU-Tumlng for the 
Manufacture of Iron. Translated and adapted by 
John B. Pearse, of the Pennsylvania Steel Works, 
with numerous engravings, wood-cuts. 8vo, cloth, 
with folio atlas of plates 10 00 

UBQUHABT (J. W.). Electric Light Fitting. Em- 
bodying Practical Notes on ^istallation Management. 
A Hand-book for Working Electrical Engmeers— 

with numerous illustrations. 12mo, cloth 2 00 

— Electro-Plating. A Practical Hand-book on the 
Deposition of Copper, Silver, Nickel, Gold, Brass, 
Aluminum, Platinum, etc. Fourth edition. 12mo. . 2 00 



SCIENTIFIC PUBLICATIONS. 37 

UBQUHABT, (J. W.). Dynamo Construotion : a 
ftactical Hand-book for me Use of Engineer Con- 
structors and Electricians in Charge, embracing 
Frame Work Building, Field Magnet and Armature 
Winding and Qrouping, Compounding, etc., with 
Samples of Leadine English, American and Con- 
tinental Dynamos ana Motors, with numerous illus- 
rations. 12mo. cloth 8 00 

Electric Ship Lighting. A Hand-book on the 
Practical Fitting and Running of Ship's Electrical 
Plant. For the Use of Ship Owners and Builders, 
Marine Electricians and Sea Qoing Engineers-in- 
Charge. Numerous illustrations. 12mo, cloth 8 00 

UNITBBSAIi TBIiEOKAPH CIPHER CODB. 

Arranged for (General Correspondence. 12mo, cloth. 1 00 

TAN NOSTBAND'S BNGINBBBINO 9IAOA- 

ZINB. Complete sets, 1869 to 1886 inclusive. 

Completesets, 35 vols., in cloth 60 00 

Complete sets, 35 vols., in half morocco 100 00 

TAN WAGBNEN (T. F.). Manual of HydrauUo 
Mining. For the Use of the Practical Miner. 
Revised and enlarged edition. 18mo, cloth 1 00 

WALKEB (SIDNEY F.). Electric Lighting for 
Marine Engineers, or How to Light a Snip by the 
Electric Ldght and How to Keep the Apparatus in 
Order. 103 illustrations. 8vo, cloth. Second edition. 2 00 

WAIililS-TAYIiBB (A. J.)* Modem Cycles. A 
Practical Hand-book on their Construction and 
Repair. With 800 illustrations, ^o, cloth. 4 00 

Motor Cars, or Power Carriages for Common 

Roads. 8vo, cloth, with numerous illustrations 1 80 

Bearings and Lubrication. A Hand>book for 

every user of Machinery. 8vo, cloth, fully illus- 
trated ... 160 

Refrigeration and Cold Storage, and Ice-making. 

A practical treatise on the art and science of refrig- 
eration. With S61 cuts and diagrams. 8vo. Cloth. 
Illustrated net 4 50 

Sugar Machinery. A Descriptive Treatise devoted 

to the Machinei*y and Apparatus used in the Manu- 
facture of Cane and Beet Sugars. 12mo, cloth. 
Illustrated 2 00 



40 D. VAN NOSTRAND COMPANY'S 

WHEBI«KR (Prof. J. B.). Art of War. A Course 
of Instaruction in the Elements of the Art and 
Science of War, for the Use of the Cadets of the 
United States Milltar j Academy, West Point, N. T. 
12mo, cloth 175 

Field Fortifications. The Elements of Field Forti- 
fications, for the Use of the Cadets of the United 
States Military Academy, West Point, N. T. 12mo. 1 75 

WHIPPUS (S., C. E.). An Elementary and Practical 
Treatise on Bridge Building. 8vo, cloth 8 00 

WII.KINSON (H. D.)* Submarine Cable-Laying, 
Repairing and Testing. 8vo, cloth 4 00 

WUXIAMSON (B. S.)> On the Use of the Barome- 
t«r on Surveys and Beconnoist<ances. PartL Mete- 
orology in its Connection with Hypsometr^. Part IL 
Barometric Hypsometry. With illustratiye tables 
and engravings, 4to, cloth 15 00 

WIIXIAMSON (£. 8.)* Practical Tables in Meteo- 
rolo&y and Hpsometry, in connection with the use 
of the Barometer. 4to, cloth 2 60 

WILSON (GEO.)* Inorganic Chemistry, with New ^ 
Notation. Revised and enlarged by u. G. Madan. 
Newedition. 12mo, cloth 2 00 

WOODBUBY (D. T.). Treatise on the Various Ele- 
ments of Stability in the Weil-Proportioned Arch. 
8 vo, half morocco 400 

WBIGHT (T. W.)> A Treatise on the Adjustment of 
Observations. With applications to Geodetic Work, 
and other Measures of Precision. 8vo, cloth 4 00 

Elements of Mechanics; including Kinematics, 

Kinetics and Statics. A\ ith application. 8vo, doth. . 2 50 

WTIiLB (CI^AUDS). Iron and Steel Founding. Illus- 
trated with 39 diagrams. Second edition, revised 
andenlarged. Svo, cloth 2 00 

YOUNG (J. EliTON)* Electrical Testing for Tele- 

fraph Engineers, with Appendices consisting of 
abies. Svo, cloth. Illustrated ; 4 00 

YOUNG SEAMAN'S MANUAX. CompUed from 
Various Authorities, and Illustrated with Numerous 
Original and Select Designs, for the Use of the ^ 
United States Training Ships and the Marine 
Schools. Svo, half roan 3 00 

ZIPSER (JULIUS). Textile Raw Materials, and their 
Conversion into Yams. Translated from the Ger- 
man by Chas. Salter. Svo, cloth. Illustrated 6 00 
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